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1. EXECUTIVE SUMMARY 
The Maldives archipelago extending 850 km north-south and 120 km east-west has 1,239 
islands with a combined perimeter of 2,027 km covering a combined area of 226 km2. These 
islands sit atop 3,633 reefs with a combined perimeter of 9,204 km covering a combined area of 
2,821 km2.  
The Maldives has developed a national program for monitoring oil pollution in the marine 
environment using students to count tarballs on their beaches. Tarballs have been counted and 
measured on three separate occasions: 2006, 2007 and June 2010 on 101, 110 and 59 islands 
respectively.  
Analysis of the data showed there was a significant relationship between the abundance of 
tarballs and exposure to the main shipping lanes to the north and through the archipelago but no 
difference among years. The low variation explained by the model was attributed to local 
shipping within the archipelago as well as other extraneous factors such as tides, winds and 
currents.  
Except for the 2006 and 2007 paired T-test comparison over time with 110 islands repeatedly 
sampled, the remaining comparisons: 2006 versus 2010 and 2007 versus 2010 had low power to 
detect differences because of the small number of paired islands. In this case the results are 
inconclusive i.e. we cannot be sure whether there was or was not a difference. There may well 
have been but the sample size was too low to detect this difference. This highlights the 
importance in continuity of sampling when using a repeated measures statistical test to test for 
changes in abundance of tarballs over time.  
Furthermore, a bias exists in the analysis because different times of the year were sampled - 
July 2006, March 2007 and June 2010 – each of which had different patterns of wind and 
currents. It is not possible to determine neither the magnitude nor effect of this bias.   
This study demonstrates that sampling programs using local communities can contribute to 
monitoring oil pollution at a national level. The community based monitoring results detected 
diffuse sources of oil pollution from ships using the main shipping lanes through the area and 
provides an indicator for the status of marine oil pollution in the Laccadive Sea, central Indian 
Ocean. More importantly this participatory approach will raise awareness of marine pollution 
and engage the youth on environmental matters. 
In this regard this study presents a number of firsts in the use of tarballs for monitoring oil 
pollution in the sea:  
1. Local communities can successfully carry out a monitoring program with sufficiently high  
statistical power such that diffuse sources of oil pollution from shipping lanes can be 
detected 
2. This is the largest synaptic study of distribution and abundance of tarballs to date. The 
Maldives archipelago extends 850 km north-south and 120 km east-west and has 1,239 
islands with a combined perimeter of 2,027 km covering a combined area of 226 km2. 
These islands sit atop 3,633 reefs with a combined perimeter of 9,204 km covering a 
combined area of 2,821 km2. No other synoptic study has been done at this scale. 
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Using community participation has a number of strengths because substantially larger resources 
can be mobilized at a fraction of the cost of scientifically rigorous sampling and communities 
take ownership of the monitoring and can influence decision making more effectively. 
Moreover, a large number of human resources can be repeatedly mobilized. This contrasts with 
previous monitoring of tarballs which has been carried out by small numbers of specially 
trained scientists in fairly small areas or few sampling occasions.  
A synoptic study is important because it controls for factors associated with temporal 
variability. 
Sampling should be changed to January to coincide with seasonal wind and currents that sweep 
southerly from the main shipping lanes to the north. Previous sampling in July 2006, March 
2007 and June 2010 had either currents and/or winds moving tarballs away from the main 
shipping lanes to the north of the archipelago. Changing the sampling time will introduce bias 
comparing years because of seasonal effects. However, over many years sampling this will not 
be a problem. It is better to modify the sampling time now rather than continue with the existing 
sampling time which ranged from March to June. 
2. CONCLUSIONS AND RECOMMENDATIONS 
2.1 Survey Design Improvements 
2.1.1 When to sample tarballs 
Tarballs are moved by both wind and currents but winds can have the most effect on the 
movement of oil floating on the surface. Based on seasonal patterns of winds and currents in the 
Laccadive Sea tarballs should be sampled in January when both wind and surface currents are 
moving water south westerly away from the main shipping lanes north of the Maldives onto the 
archipelago. Sampling should be timed to coincide with school holidays late December or early 
in January. 
2.1.2 Where to sample tarballs 
The sampling carried out by 110 schools covers the entire Maldives. It is recommended that this 
sampling program be continued or if possible expanded to include more islands. This will allow 
for a more detailed analysis of potential sources of tarballs. 
2.1.3 Distribution and abundance of tarballs 
The highest abundance of tarballs was found in the northern end of the archipelago closest to 
the main shipping lanes with an average of 540 to 1,300 tarballs per island. Lowest abundance 
was generally found in the southern section of the Maldives.  
2.1.4 Standardized sampling protocol 
Efforts should be directed towards standardizing the sampling on all islands. There was a 
remarkably high level of consistency of sampling carried out by schools given that there has 
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been no direct training and instructions were by phone and text. However, there were some 
differences in the way data was recorded and faxed to SAARC office in Male.  
SAARC should consider a training program for at least the teachers who supervise sampling. 
Ideally a selection of students should also be trained – perhaps as a reward for their excellent 
work and enthusiasm. This training will require funding and organization. A number of standard 
methods have been proposed for sampling tarballs with the most recent being the Shoreline 
Cleanup Assessment Team (SCAT) methodology (Owens et al. 2000; Owens et al. 2001). The 
data sheet used by SCAT for measuring and recording tarballs is at Appendix F. Examination of 
the data sheet suggests that with the exception of (a) width of beach and (b) whether the tarball 
is sticky or not, the methods used by SAARC for sampling tarballs in the Maldives is 
compatible with SCAT. To ensure complete compatibility fields should be added to the Excel 
data entry template for (a) the width of beach in meters; and (b) a measure of how sticky tarballs 
are.  
2.1.5 Maps of the island 
The standardized sampling protocol must include hardcopy maps of the island. North, South, 
East and West segments of beach should be marked clearly on the map. Each group of students 
should be given a copy of the map showing the segment of beach they will sample. This map 
must be faxed along with the data sheet at the end of sampling to the SAARC office in Male.  
2.1.6 Standardized data recording 
The author noted that schools faxed their data in a variety of formats. Hardcopy data entry 
templates should be sent to all schools and teachers encouraged to use the template.  
The width of the beach for each segment North, South, East and West should be estimated and 
entered on the data sheet. This information can be used to improve the accuracy of tarball 
abundance estimates. This modification should be considered only if the SCAT methodology is 
not adopted.  
2.2 Data entry workbook 
Much time and effort was put into developing a simple and robust Excel workbook for tarball 
data entry. This data entry system using Excel will save many hours of data checking and errors.  
The workbook has extensive data validation using drop-down lists for quality control. This 
workbook should be used for all future monitoring. It will need to be modified in future to 
include an entry for width of beach. The data entry workbook is lodged at SAARC Male. 
2.2.1 Raw data 
All raw data in Excel workbooks was lodged with SAARC Male. 
2.3 Database  
A geodatabase for the study area was developed as was lodged with SAARC Male.  
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2.4 Data analysis 
2.4.1 Geographically weighted regression versus Ordinary Least Squares 
Exploratory data analyses were done using a relatively new technique, Geographically 
Weighted Regression (GWR). A description of the method is given in Appendix G. Although 
showing promise as a tool for exploring in great depth the complex spatial patterns in 
distribution and abundance of tarballs in relation to shipping routes, marginal improvements in 
the amount of variation explained using GWR did not justify its use in this study over 
traditional Ordinary Least Squares (OLS) regression.  
This should not, however, prevent its use in future. With improved quality control for sampling 
tarballs by including estimates of beach width so that tarball abundance can be standardized to 
unit area GWR should be utilized in future analyses. 
2.4.2 Paired T-test 
A relative index of tarball abundance – total abundance of tarballs per island – was used in a 
paired T-test to compare abundance among years. In future analysis should be based on 
abundance per length of beach or abundance per sq m.  
2.4.3 Tarball size categories 
Although tarballs were categorized by size into 3 classes the consultant believes that any 
increase in understanding patterns of distribution and abundance of tarballs throughout the 
archipelago over time provided by this categorization is more than offset by an exponential 
increase in complexity in analysis and synthesis of results. Regardless, sampling should still 
continue to categorize tarballs based on size and presented in a graph or tabulated.   
2.5 Success of the monitoring program 
The results of this study have demonstrated that local communities can successfully carry out a 
monitoring program providing a synaptic view of distribution and abundance of tarballs over a 
large area. In this regard the Maldives tarball monitoring program is a first. Previous monitoring 
of tarballs has been carried out by small numbers of specially trained scientists. Using 
community participation has a number of strengths because substantially larger resources can be 
mobilized at a fraction of the cost of scientifically rigorous sampling and communities take 
ownership of the monitoring and can influence decision making more effectively.  
2.6 Key Outcomes 
2.6.1 Draft survey design 
The existing survey design should be modified so that abundance per length of beach or 
abundance per sq m can be calculated. Instructions for doing so are described in detail in the 
report. Ideally the sampling program should be expanded to include other islands if resources 
allow.  
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2.6.2 Participatory approach and dissemination of findings  
The results of the tarball sampling program for 2006, 2007 and 2010 indicate that a 
participatory approach was very successful. Format and dissemination of findings should be 
based on target audiences such as the public, schools, government and regional projects / 
institutions such as BOBLME, SAARC, SACEP and UNEP-GPA. 
 This will require the inputs of a media specialist to prepare different media formats for the 
various target groups.  
 
3. INTRODUCTION 
WHAT ARE TARBALLS? 
Tarballs are remnants of oil spills. When crude oil floats on the 
surface of the ocean its physical characteristics change. During the 
first few hours of a spill the oil spreads into a thin slick. Wind and 
waves break the slick into smaller patches that are scattered over a 
much wider area. Various physical, chemical and biological processes 
called “weathering” change the appearance of the oil. Initially the 
lighter components of the oil evaporate. For heavier oils such as 
crude oil or home heating oil much of the oil remains behind. At the 
same time some crude oils mix with water to form an emulsion that 
often looks like chocolate pudding. This emulsion is much thicker and 
stickier than the original oil. Wind and waves continue to break the 
oil patches into smaller pieces – or tarballs. While some tarballs may 
be as large as a pancake most are coin sized. Tarballs are very 
persistent in the marine environment and can travel for hundreds of 
miles (Payne and Philips 1985) 
 
 
Oil spills and tarballs have been shown to have widespread financial, economic and 
environmental impacts and long term consequences on wildlife, fisheries and coastal habitats, 
recreational activities and tourism (Paine et al. 1996; Lee et al. 2003; Bonsdorff 1981; Koyama 
and Kakuno 2004; Elmgren et al 1983; Ng and Song 2010; Literathy 1993; Agler et al. 1995; 
Teal et al. 1992; Copeland 2008).  
The 1954  Oil Pollution Convention (OIL POL) that primarily addressed pollution resulting 
from routine tanker operations and from the discharge of oily wastes from machinery spaces – 
regarded as the major causes of oil pollution from ships – entered into enforcement on 26 July 
1958 (Appendix A).  
Pollution resulting from routine tanker operations and from the discharge of oily wastes from 
machinery spaces is regarded as the major cause of oil pollution from ships (Appendix B). 
LITERATURE REVIEW 
4-6 | P a g e  
 
More than 46,000 commercial vessels — tankers, bulk carriers, container ships,  barges, and 
passenger ships — travel the oceans and other waters of the world, carrying cargo and 
passengers for commerce, transport, and recreation (Copeland 2008). 
To the north of the Maldives is the main shipping lane from the Middle East to India and South 
East Asia. More than 15,000 trips by ships > 5,000 GT are made on this route annually (Kaluza 
et al. 2010).  
Oil pollution from ships is considered to be the primary source of tarballs on the beaches of the 
Maldives.  
Tourism is economically vital for the Maldives with a projected 34% of Government revenues 
derived from tourism in 2010 (Statistical Yearbook of Maldives, 2009).  
3.1 Purpose of this study 
In the Maldives tarballs are found on many of the beaches and have been present for at least a 
generation – adults now in their 40’s vividly remember them from their childhood days (Dr. 
Adam, pers. communication).  
The purpose of this study is to: 
• Analyse the available data from the previous tarball surveys and design a stratified 
survey to be undertaken in 2010 that will produce an estimate of the absolute 
abundance and size frequency of tarballs.  It is likely that the survey will need to be 
concentrated in selected areas to be determined after considering the locations of 
previous surveys, the availability of samplers, and accessibility to certain areas. 
• Derive a relative index of abundance for tarball density for the years 2006, 2007 and 
2010 (for specific areas, and, if possible, wider regions)  
• Assist in training for survey implementation 
• Assist in data analysis and mapping results  
• Oversee / supervise the production of the final report 
 
4. LITERATURE REVIEW 
4.1 Use of tarballs for monitoring oil pollution 
Monitoring tar balls on beaches has been used as a proxy for the amount of oil on the open 
ocean; see review by Knap et al. (1986). 
4.2 Tarball formation 
There are four theories on tarball formation (Goodman 2003): 
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Lump Theory: Florida Department of the Environment (2001) describes them as ‘‘Tar balls are 
fragments or lumps of oil weathered to a semi-solid or solid consistency, feel sticky and are 
difficult to remove from contaminated surfaces.’’ (Lump Theory).  
Sand Theory: Environment Canada (1996) during the raising of the “Irving Whale” described 
tar balls as “If the oil comes in contact with sediment, sand or other shoreline materials, they 
may adhere together forming lumps or tar balls.” 
Oxidizing Theory: EPA (1999) associates tar balls with oxidation ‘‘Thick slicks may only 
partially oxidize, forming tar balls.” 
Glob Theory: In the development of an impact assessment model, French (1998) states that 
“tar balls are formed from large droplets that resurface and form slicks and tar balls.” 
In the laboratory oil forms large globules, which are a mixture of clay fines and oil (Fig. 4-1; 
(Omotoso et al. 2002). These gradually decrease in size due to collisions. The clay fines prevent 
the globules from adhering, and thus collisions result in smaller rather than larger drops as 
shown in panel B. This process continues until most of the globules have a size of less than 1 
mm, with a few larger than 1 mm as shown in panel C. After further collisions, the particles are 
of a uniform stable size. These particles have a similar composition to tar balls found in nature, 
but are much smaller in size.  
The uniformity in size is in agreement with observations of Owens et al. (2000) during the 
“New Carissa” spill. While this process is consistent with the laboratory observations, there is 
no data to support this formation mechanism in the open ocean situation (Goodman 2003). 
Observations made at sea by Sen Gupta et al. (1993) suggests that water-in-oil mousse was 
formed in the Gulf of Oman after the first 24 h due to the prevailing wind and sea state and high 
temperature. The water-in-oil mousse adsorbs onto the surface of any suspended particle to 
form tarballs. Some of these tarballs are thought to sink to the seabed or depending on their 
density, become suspended in intermediate water mass and flow-out of the Gulf of Oman. The 
remaining tarballs will be washed ashore on nearby beaches (Sen Gupta et al. 1993). The 
floating tarballs have a 'residence time' of 60-90 days in the Gulf of Oman (Sen Gupta and 
Qasim 1982). 
Other research shows that oil interacts with minerals in seawater to form Oil Mineral 
Aggregates (OMA) as a self cleaning process attributed to a reduction in oil adhesion when oil 
becomes stabilized by their interactions with mineral fines (Lee 2002); a process that leads to 
the formation of tarballs.  
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Figure 4-1 Formation of tar balls from clay fines and oil (Omotoso et al., 2002). 
 
Emulsification is the process of formation of water-in-oil emulsions often called “chocolate 
mousse” or “mousse”; see review by Nicodem et al. (1997).  
These emulsions change the properties and characteristics of oil and lead to the formation of 
tarballs.  
A detailed description of the process of forming water-in-oil emulsions is given in Shaw (2003). 
Water in oil emulsions can be formed by dispersion inversion i.e., water drops can become 
trapped among oil drops coalescing at the water–air surface and by water drop entrainment i.e., 
water entrained by gas bubbles escaping from the collapsing vortices of breaking waves, can be 
released in the form of fine drops as the bubbles pass through large oil slicks (Shaw 2003). Both 
mechanisms are shown to be active over a broad range of oil physical properties. Viscous oils 
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with a low oil–water interfacial tension yield the most stable water-in-oil emulsions in breaking 
waves.  
4.3 Tarball and oil spill cleanup and post-incident monitoring 
The basics of tarball and oil-spill-cleanup are covered by Fingas et al. (1979). The literature on 
oil spill dispersants between 1997 and 2008 is extensive, consisting of more than 430 papers 
(Fingas 2008). Dispersants have been shown to be less toxic than the oil itself but problems 
with its use still remain (Fingas 2008; Nichols 2003). Controlled burning is a method that has 
been used but depends on the type of oil spill (Allen 1991). Mechanical methods such as 
skimmers now seem to be the preferred method as shown by the recent April 2010 BP Gulf of 
Mexico oil spill. Emphasis is now been placed on the need for an integrated and effective 
response to an oil spill for post-incident monitoring (Kirby and Law 2010). 
The major process involved in the removal of tar balls from sandy high energy beaches is the 
adsorption of sand and shell particles to the residues effecting a density change. This results in 
transport off the beach, sinking, and sometimes burial of the tar in sublittoral sediments (Iliffe 
and Knap, 1979).  
4.4 Chemical and physical characteristics of tarballs 
Wang et al. (1999) review the most recent development in measurements of diagnostic ratios of 
specific oil constituents and isotopic analysis for determining the chemical composition of oil 
spills including tarballs. The issue of how biogenic and pyrogenic hydrocarbons are 
distinguished from petrogenic hydrocarbons is also addressed in this review.  
The stickiness of tarballs is affected by temperature as air and water temperature increases 
tarballs become more fluid and sticky. Another factor influencing stickiness is the amount of 
particulates and sediments present in the water or shoreline which can adhere to tarballs. The 
more sand and debris attached to a tarball the more difficult it is to break it open. These factors 
make it extremely difficult to predict for how long a tarball will remain sticky.  
4.5 Toxicity of tarballs 
For most people an occasional brief contact with a small amount of oil will do no harm (Anon 
1999). However some people are sensitive to hydrocarbons in crude oil and petroleum products. 
They may have an allergic reaction or even develop a rash from contact with oil (Florida 2001). 
4.6 Distribution and abundance of tarballs in the marine environment 
The contamination of the world’s water by petroleum and petroleum derivatives has been 
estimated to be 3.2 x 106 metric tons per year (Clark 1989), of which 92% is directly related to 
human activities and one eighth of this is due to tanker accidents. Some of this pollution is in 
the form of tarballs. 
Tarballs are found throughout the marine environment: 
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• In waters in the vicinity of coastal industrial sources, near major shipping lanes (Morris & 
Hamilton, 1974; Kartar et al., 1973, 1976) the Mediterranean (Shiber, 1979), North and 
Central America (Carpenter et al.,1972; Colton et al., 1974; Hays & Cormons, 1974; Austin 
and Stoops, 1973), Gulf of Oman Arabian Sea (Sen Gupta et al 1993) and New Zealand 
(Gregory, 1977). 
• Together with polyethylene and polypropylene pellets tar balls were found to be the most 
common contaminants in the sea surface in the Cape Basin area of the South Atlantic 
Ocean; an area far removed from any obvious source of such materials (Morris 1980) 
• On beaches in Trinidad (Georges and Oostdam 1983); Tobago West Indies (Oostdam 
1982); Kuwait (Oostdam and Anderlini 1978), Thailand (Piyukarnchana 1978), Arabian Sea 
(Sen Gupta et al 1993), Curacao (Richardson et al. 1987), Goa and India (Sen Gupta et al. 
1990, 1993) and Maldives (Anon 2009), Oregon (Owens et al. 2000), California (Hostettler 
et al. 2004), British Columbia (Wang et al. 1997), Gulf of Mexico (Geyer 1981), Florida 
(Romero et al. 1981), Muscat coastline Gulf of Oman (Coles and Al-Riyami 1996), Alaska 
(Paine et al. 1996). 
The number of tarballs found on a beach depends on several factors: tanker traffic, wind 
patterns, sea currents, whether an oil spill occurred recently and how often the beach is cleaned.  
Typical densities of tarballs on beaches are one to hundreds per square metre (Goodman 2003). 
The highest ever recorded in the literature were beach tar concentrations in Muscat  with  up to 
5 kgm-1 on the beach front recorded two weeks after a large offshore storm  which may have 
cause tankers to jettison petroleum (Coles and Al-Riyami 1996).  
Approximately 20,000 tonnes of tarballs accumulates along the California coast each year 
(NAS, 2002). 
Tarballs monitored in Curacao from 1980 until 1985 on two beaches found an average of 363 
grams of tar per meter shorefront per visit on Boca Tabla beach on the windward side of the 
island, and an average of 44 grams of tar per meter shorefront per visit was found on a sheltered 
beach on the east point of Curacao (Richardson et al. 1987). 
4.7 Tarball and oil spill weathering 
Mearns and Simecek-Beatty (2003) point out that research is urgently needed so we can 
improve forecasts about the fate and effects of oil from major and deep-water oil spills. The end 
states of oil spills are described as: tar balls, sediment-bound oil, and the food web. Research is 
still required to determine what finally happens to oil in the sea. There are at least three “end 
states” of spilled oil: tar balls, sediment-bound oil (Lee et al., 2003; Payne et al., 2003), and the 
remnants of oil hydrocarbons residing in or passing through marine food webs and their 
excretions. 
4.7.1 Physical weathering 
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4.7.2 Chemical breakdown 
Leahy and Colwell (1990) review microbial ecology of hydrocarbon degradation emphasizing 
both environmental and biological factors which are involved in determining the rate at which, 
and extent to which hydrocarbons are removed from the environment by biodegradation. 
In aquatic ecosystems, dispersion and emulsification of oil in oil slicks appear to be 
prerequisites for rapid biodegradation; large masses of mousse, tarballs, or high concentrations 
of oil in quiescent environments tend to persist because of low surface areas available for 
microbial activity (Leahy and Colwell 1990). 
Tarballs, which are large aggregates of weathered and un-degraded oil, restrict access by 
microorganisms because of their limited surface area which lengthens the degradation time due 
to micro organisms (Colwell et al. 1978).  
Atlas (1981) has suggested that tarballs deposited on beaches may represent another situation in 
which available water limits hydrocarbon biodegradation. 
4.8 Source of tarballs 
4.8.1 Natural 
Crude-oil seeps are geographically common and have likely been active through much of 
geologic time (Hunt 1996). Petroleum seepage into the marine environment is on the order of 
0.6 × 106 metric tons per year (Wilson, et al. 1974).  
Global estimates of crude-oil seepage rates suggest that about 47% (600,000 metric tons per 
year) of crude oil currently entering the marine environment is from natural seeps (Kvenvolden 
and Cooper 2003) and a range of uncertainty from 200,000 to 2,000,000 metric tons.   
Tarballs originate from natural seepages in the Gulf of Mexico and Caribbean Sea (Geyer 1981) 
and off the Californian coast (Hostettler et al. 2004; State Lands Commission Staff Report, 
1977).  
4.8.2 Anthropogenic 
Anthropogenic sources include possible accidental oil spills from commercial vessel traffic, 
from offshore drilling rigs, and from ships involved in the processing and transport of oil along 
the coastal shipping lanes with an estimated 53% (677,000 metric tons) of crude oil entering the 
marine environment from leaks and spills during the extraction, transportation, refining, storage 
and utilization of petroleum (Kvenvolden and Cooper 2003). 
It must be noted, however, that non-vessel man-made sources of oil spills and associated 
tarballs such as well head blow-outs and leaking pipes account for the majority of land and 
water oil spills since data collection started in 1978 (Etkin and Welch 1997).  
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4.9 Methods for sampling tarballs 
Methods and approach for sampling tarballs comes from the International Workshop on Marine 
Pollution in the Caribbean and Adjacent regions (IOC 1976); MAPMOPP study from 1975 – 
1980 (Levy et al. 1981); UNESCO (1984) and more recently from Shoreline Cleanup 
Assessment Team (SCAT) methodology where procedures were developed for the description 
and documentation of stranded tar balls and a field form was designed to record appropriate 
observations (Owens et al. 2000; Owens et al. 2001). A number of data output formats were 
used to summarize the information (Owens et al., 2001). 
4.10 Infamous marine oil spills 
Infamous oil spills include the recent BP Gulf of Mexico disaster in April 2010, Exxon Valdez 
in Prince William Sound Alaska (Paine et al. 1996), Amoco Cadiz (Boucher 1980) and Torrey 
Canyon (Bellamy et al. 1967). 
4.11 Oil spill and tarball trajectory modelling  
The heart of oil spill models is a series of algorithms that represent the processes describing the 
transport and fate of oil released into the environment. The fate is most completely described by 
the following processes: advection, spreading, evaporation, dispersion, dissolution, 
emulsification, photo-oxidation, biodegradation, sinking/sedimentation, and encapsulation when 
ice is present (Spaulding 1988).  
Much research has gone into predicting the movement of oil spills including tarballs. Spill 
trajectory models combine surface physics effects caused by winds – such as wave stress, wave 
compression, Stokes drift (Lighthill 1978), dispersion, over-washing, surface drift and 
Langmuir circulation (Farmer and Li 1994) – into a single model parameter called the Wind 
Drift Factor (Galt 1997). Software has been developed such as (1) ADIOS 2 with parameters for 
spreading, evaporation, dispersion, sedimentation and emulsification but does not include 
tarball formation (Lehr et al. 2002); (2) the model by Carracedo et al. (2006) that includes 
tarball behaviour in the water column which may allow for predicting subsurface oil movement 
and (3) GNOME developed by NOAA Office of Response and Restoration which allows the 
user to simulate subsurface tarballs that would be unaffected by the wind. Smaller tarballs were 
mixed downwards in the water column whereas large ones stayed in the surface layer in the 
modelling done by Elliott (1986).  
4.12 Tarballs monitoring databases 
Monitoring oil pollution in the marine environment by counting and measuring tarballs on 
beaches started in the 1970’s. The Intergovernmental Oceanographic Commission published a 
manual and guides for monitoring tarballs in 1984 (UNESCO 1984).  
Since 1979, about 9,000 data points for tar on beaches, floating tar, and dissolved/dispersed 
petroleum hydrocarbons have been collected by fourteen governments in the Caribbean/Gulf of 
Mexico region (Atwood et al. 1987). 
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Monitoring of different components of oil pollution in the Arabian Sea has been in progress 
since 1978 and a good data base has been built up (Sen Gupta et al., 1990). 
4.13 Tarball and oil spill fingerprinting 
Wang et al. (1999) reviewed the recent development and advances of chemical fingerprinting 
and data interpretation techniques which are most frequently used in oil spill identification 
studies, including recognition of relative distribution patterns of petroleum hydrocarbons, 
analysis of ‘source-specific marker’ compounds, determination of diagnostic ratios of specific 
oil constituents, isotopic analysis, and several other emerging techniques. The issue of how 
biogenic and pyrogenic hydrocarbons are distinguished from petrogenic hydrocarbons was also 
addressed.   
Fingerprinting hydrocarbons in biological resources for identifying the source of the oil has 
been researched by Bence and Burns (1995).  
More recent research has been done to establish a library of tarball fingerprints that can be used 
to distinguish between natural and anthropogenic tar occurrences along the Californian coast 
(Hostettler et al. 2004).  
 
5. MATERIALS AND METHODS 
5.1 Data Sources 
5.1.1 Geodatabase 
A geodatabase for the study was created with ArcGIS. Feature datasets were set up in WGS84 
or UTM43N projection. Projected data (UTM43) was used for spatial modelling as 
recommended by ESRI.  
5.1.2 GEBCO bathymetry data 
Bathymetry 30’grid data was downloaded from GEBCO and imported into the geodatabase.   
5.1.3 Winds and currents 
Data for winds and currents was digitized from British Admiralty Sailing Directions West Coast 
of India Pilot NP 38 (2005).  
5.1.4 Islands and reefs 
Spatial data in Autocad DWG format for islands and reefs was obtained from the Department of 
National Planning, Maldives and imported into an ArcGIS geodatabase. The data did not have 
the names of the islands nor Atoll.   
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5.1.5 Atoll apertures 
The atolls in the Maldives have a series of reefs along the perimeter with gaps in between. Reefs 
are exposed at low tide which traps oil and thus the atolls can be considered sieves. Many of the 
reefs have islands. The width of the gaps between reefs along the perimeter varies depending on 
the atoll and aspect such as north, south, east or west perimeter. To calculate the length of edge 
of the reefs on the perimeter of the atolls was digitized. For this analysis “natural atolls” i.e. 
discrete geomorphological structure were used rather than atolls defined by their administrative 
units.   
5.1.6 Island names and positions 
A text file with island name, Atoll and position (latitude and longitude; point data) obtained 
from Department Planning Maldives was imported into the geodatabase.  Island name point data 
was joined to polygon reefs and islands using a spatial join in the GIS. 
5.1.7 Shipping lanes 
Shipping lanes and volume of traffic (number of trips per year) was digitized from a map in 
Kaluza et. al. (2010) showing itineraries of 16,363 cargo ships > 10,000 GT during the year 
2007 to construct a network of links between ports.  
5.1.8 School locations 
A list of schools that participated in the tarball surveys kept at SAARC Office Male in an Excel 
workbook was joined to island names and positions in the GIS. 101 schools participated in July 
2006, 107 in March 2007 and 59 in June 2010.  
5.2 Description of the study area 
5.2.1 Atolls, Islands and Reefs 
The Maldives archipelago with 1,239 islands 3,633 reefs and 25 atolls1 is situated on the 
Maldives Ridge, a semi continental submarine plateau oriented north – south extending from 7° 
N to -1° S, a distance of approximately 800 km (Figure 5-1). The plateau extends approximately 
120 km east west from 72° 30’ E to 74° E at its widest point near Male, the capital of the 
Maldives.  
The Maldives islands and reefs act like a giant sieve that filters tarballs from the surrounding 
seas. The total perimeter for Maldives reefs and islands is 11,231 km (Table 5-1). To put this 
length in perspective it is equivalent to approximately three times the coastline length of the 
entire Gulf of Mexico.  
Atoll Alif Alif has 5.11% of the total area of atolls for the Maldives and 4.55% of the perimeter 
of reefs (Table 5-1). This atoll has 37 islands and 178 reefs with a perimeter of 46.2 km and 
557.4 km for island and reef respectively.   
 
                                                     
1 The 25 atolls are grouped into 20 administrative units. 
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Figure 5-1 Maldives Islands and reefs showing islands sampled and main shipping routes  
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Table 5-1 Maldives atolls, reefs and islands: perimeter and areas.  
Atoll Name Feature Area km2 Perimeter km N % Total area each category (island and reef) % total area % Total perimeter for each category (island and reef) % total perimeter %Count for each category *(island and reef) 
% total count 
Alif Alif island 4.5 46.2 37 2.01% 0.15% 2.28% 0.41% 2.99% 0.8%  reef 151.1 511.2 178 5.36% 4.96% 5.55% 4.55% 4.90% 3.7% 
Alif Alif Total  155.7 557.4 215 5.11% 5.11% 4.96% 4.96% 4.41% 4.4% Alif Dhaal island 5.6 75.3 58 2.46% 0.18% 3.71% 0.67% 4.68% 1.2%  reef 202.3 790.2 384 7.17% 6.64% 8.59% 7.04% 10.57% 7.9% 
Alif Dhaal Total  207.9 865.5 442 6.82% 6.82% 7.71% 7.71% 9.07% 9.1% Baa island 10.2 113.5 81 4.49% 0.33% 5.60% 1.01% 6.54% 1.7%  reef 222.4 627.4 115 7.88% 7.30% 6.82% 5.59% 3.17% 2.4% 
Baa Total  232.6 740.9 196 7.63% 7.63% 6.60% 6.60% 4.02% 4.0% Dhaalu island 4.3 63.4 54 1.91% 0.14% 3.13% .56% 4.36% 1.1%  reef 119.9 457.6 134 4.25% 3.93% 4.97% 4.07% 3.69% 2.8% 
Dhaalu Total  124.2 521. 188 4.08% 4.08% 4.64% 4.64% 3.86% 3.9% Faafu island 2.2 24.4 20 0.97% 0.07% 1.20% 0.22% 1.61% 0.4%  reef 130.4 366.8 97 4.62% 4.28% 3.99% 3.27% 2.67% 2.0% 
Faafu Total  132.6 391.2 117 4.35% 4.35% 3.48% 3.48% 2.40% 2.4% Gaaf Alif island 11.1 132.6 91 4.90% .36% 6.54% 1.18% 7.34% 1.9% 
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Atoll Name Feature Area km2 Perimeter km N % Total area each category (island and reef) % total area % Total perimeter for each category (island and reef) % total perimeter %Count for each category *(island and reef) 
% total count 
 reef 144.6 495.8 135 5.12% 4.74% 5.39% 4.41% 3.72% 2.8% 
Gaaf Alif Total  155.6 628.4 226 5.11% 5.11% 5.60% 5.60% 4.64% 4.6% Gaaf Dhaal island 20.4 211.9 160 9.04% .67% 10.45% 1.89% 12.91% 3.3%  reef 133.3 323.9 90 4.72% 4.37% 3.52% 2.88% 2.48% 1.8% 
Gaaf Dhaal Total  153.7 535.8 250 5.04% 5.04% 4.77% 4.77% 5.13% 5.1% Gnaviyani island 4.9 11.1 1 2.18% .16% .55% 0.10% 0.08% 0.0%  reef 4.6 16. 1 0.16% .15% .17% 0.14% 0.03% 0.0% 
Gnaviyani Total  9.5 27.1 2 0.31% .31% .24% 0.24% 0.04% 0.0% Haa Alif island 18.3 123.2 43 8.10% .60% 6.08% 1.10% 3.47% 0.9%  reef 121. 242.5 32 4.29% 3.97% 2.64% 2.16% 0.88% 0.7% 
Haa Alif Total  139.3 365.7 75 4.57% 4.57% 3.26% 3.26% 1.54% 1.5% Haa Dhaal island 23.2 118.1 35 10.25% .76% 5.83% 1.05% 2.82% .7%  reef 122.3 312.4 105 4.34% 4.01% 3.39% 2.78% 2.89% 2.2% 
Haa Dhaal Total  145.5 430.5 140 4.77% 4.77% 3.83% 3.83% 2.87% 2.9% Kaaf island 15.6 160.1 120 6.91% .51% 7.90% 1.43% 9.69% 2.5%  reef 386.4 1,603.7 965 13.70% 12.68% 17.43% 14.28% 26.56% 19.8% 
Kaaf Total  402. 1,763.8 1,085 13.19% 13.19% 15.71% 15.71% 22.27% 22.3% Laamu island 22.1 161. 83 9.76% 0.72% 7.94% 1.43% 6.70% 1.7% 
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Atoll Name Feature Area km2 Perimeter km N % Total area each category (island and reef) % total area % Total perimeter for each category (island and reef) % total perimeter %Count for each category *(island and reef) 
% total count 
 reef 128.9 298.1 54 4.57% 4.23% 3.24% 2.65% 1.49% 1.1% 
Laamu Total  151. 459.1 137 4.96% 4.96% 4.09% 4.09% 2.81% 2.8% Lhaviyani island 7.5 102.2 63 3.33% 0.25% 5.04% .91% 5.08% 1.3%  reef 101.7 291.2 74 3.61% 3.34% 3.16% 2.59% 2.04% 1.5% 
Lhaviyani Total  109.2 393.3 137 3.59% 3.59% 3.50% 3.50% 2.81% 2.8% Meemu island 4.2 57.7 55 1.84% 0.14% 2.85% 0.51% 4.44% 1.1%  reef 146.6 438.9 170 5.20% 4.81% 4.77% 3.91% 4.68% 3.5% 
Meemu Total  150.8 496.6 225 4.95% 4.95% 4.42% 4.42% 4.62% 4.6% Noonu island 16.8 136.8 73 7.45% 0.55% 6.75% 1.22% 5.89% 1.5%  reef 61.1 235.7 62 2.17% 2.01% 2.56% 2.10% 1.71% 1.3% 
Noonu Total  78. 372.5 135 2.56% 2.56% 3.32% 3.32% 2.77% 2.8% Raa island 12.5 127.1 93 5.55% 0.41% 6.27% 1.13% 7.51% 1.9%  reef 150.2 520.1 334 5.32% 4.93% 5.65% 4.63% 9.19% 6.9% 
Raa Total  162.8 647.2 427 5.34% 5.34% 5.76% 5.76% 8.76% 8.8% Seenu island 14.7 99.8 37 6.52% 0.48% 4.92% 0.89% 2.99% 0.8%  reef 42.4 104.3 29 1.50% 1.39% 1.13% 0.93% 0.80% 0.6% 
Seenu Total  57.1 204.1 66 1.87% 1.87% 1.82% 1.82% 1.35% 1.4% Shaviyani island 17.8 139.2 52 7.89% 0.58% 6.87% 1.24% 4.20% 1.1% 
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Atoll Name Feature Area km2 Perimeter km N % Total area each category (island and reef) % total area % Total perimeter for each category (island and reef) % total perimeter %Count for each category *(island and reef) 
% total count 
 reef 94.0 237.6 45 3.33% 3.08% 2.58% 2.12% 1.24% 0.9% 
Shaviyani Total  111.8 376.8 97 3.67% 3.67% 3.35% 3.35% 1.99% 2.% Thaa island 9.1 105. 64 4.01% 0.30% 5.18% .93% 5.17% 1.3%  reef 144.6 497.8 339 5.13% 4.75% 5.41% 4.43% 9.33% 7.% 
Thaa Total  153.7 602.7 403 5.04% 5.04% 5.37% 5.37% 8.27% 8.3% Vaavu island 1.0 18.8 19 0.43% 0.03% 0.93% 0.17% 1.53% 0.4%  reef 213.4 832.4 290 7.57% 7.00% 9.04% 7.41% 7.98% 6.% 
Vaavu Total  214.4 851.1 309 7.04% 7.04% 7.58% 7.58% 6.34% 6.3% 
Total Island island 226.0 2,027.2 1,239       
Total Reef reef 2,821.2 9,203.5 3,633       
Grand Total  3,047.2 11,230.7 4,872       
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5.2.2 Atoll perimeter 
There are25 “natural” atolls in the Maldives (Figure 5-2). The pooled perimeter of the atolls for 
reefs is2,798 km which is three quarters (77%) of the total perimeter of reefs (3,633 km) in the 
Maldives.  
 
Figure 5-2 Natural atolls of Maldives 
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The largest natural Atoll 02 consisting of parts of administrative atoll units for Haa Alif, Haa 
Dhaal, Shaviyani and Noonu hasa perimeter 425.4 km long that is evenly divided into reef 
(49.36%) and gaps (50.64%). This atoll has the highest percentage of perimeter as gaps. Some 
atolls have no gaps in the reef edge such as Atoll 09, 12 and 24.  
 
Table 5-2 Maldives as a sieve: breakdown of gaps through the archipelago and atolls. 
“Natural” Atolls Atoll Administrative Units Feature Length (km) % total  Atoll 01 Haa Alif gap 23.0 32.87%   reef 47.0 67.13% Atoll 01 Total   70.0 100.00% Atoll 02 Haa Alif +Haa Dhaal +Shaviyani +Noonu gap 215.4 50.64%   reef 209.9 49.36% Atoll 02 Total   425.4 100.00% Atoll 03 Haa Dhaal gap 2.1 3.13%   reef 64.2 96.87% Atoll 03 Total   66.3 100.00% Atoll 04 Lhaviyani gap 20.5 16.59%   reef 103.1 83.41% Atoll 04 Total   123.6 100.00% Atoll 05 Raa reef 7.5 100.00% Atoll 05 Total   7.5 100.00% Atoll 06 Raa gap 67.9 40.34%   reef 100.4 59.66% Atoll 06 Total   168.2 100.00% Atoll 07 Baa gap 55.6 39.78%   reef 84.1 60.22% Atoll 07 Total   139.7 100.00% Atoll 08 Baa gap 2.3 5.49%   reef 40.1 94.51% Atoll 08 Total   42.5 100.00% Atoll 09 Kaaf reef 10.7 100.00% Atoll 09 Total   10.7 100.00% Atoll 10 Kaaf gap 0.8 2.07%   reef 35.8 97.93% 
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“Natural” Atolls Atoll Administrative Units Feature Length (km) % total  Atoll 10 Total   36.6 100.00% Atoll 11 Kaaf gap 40.5 23.19%   reef 134.2 76.81% Atoll 11 Total   174.8 100.00% Atoll 12 Alif Alif reef 7.3 100.00% Atoll 12 Total   7.3 100.00% Atoll 13 Alif Alif gap 1.9 6.65%   reef 26.3 93.35% Atoll 13 Total   28.2 100.00% Atoll 14 Alif Alif +Alif Dhaal gap 87.5 38.65%   reef 139.0 61.35% Atoll 14 Total   226.5 100.00% Atoll 15 Kaaf gap 17.2 17.85%   reef 79.3 82.15% Atoll 15 Total   96.5 100.00% Atoll 16 Vaavu gap 20.2 11.67%   reef 153.1 88.33% Atoll 16 Total   173.3 100.00% Atoll 17 Vaavu gap 0.1 0.56%   reef 25.0 99.44% Atoll 17 Total   25.2 100.00% Atoll 18 Meemu gap 11.2 7.90%   reef 131.0 92.10% Atoll 18 Total   142.2 100.00% Atoll 19 Faafu gap 19.1 20.01%   reef 76.5 79.99% Atoll 19 Total   95.7 100.00% Atoll 20 Dhaalu gap 19.5 18.27%   reef 87.3 81.73% Atoll 20 Total   106.8 100.00% Atoll 21 Thaa gap 18.2 11.04%   reef 146.8 88.96% Atoll 21 Total   165.0 100.00% 
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“Natural” Atolls Atoll Administrative Units Feature Length (km) % total  Atoll 22 Laamu gap 10.2 7.59%   reef 123.7 92.41% Atoll 22 Total   133.9 100.00% Atoll 23 Gaaf Alif +Gaaf Dhaal gap 45.8 17.79%   reef 211.6 82.21% Atoll 23 Total   257.4 100.00% Atoll 24 Gnaviyani reef 16.0 100.00% Atoll 24 Total   16.0 100.00% Atoll 25 Seenu gap 4.2 7.12%   reef 54.9 92.88% Atoll 25 Total   59.1 100.00% 
Grand Total   2,798.2  
 
In terms of  the Maldives plateau as a whole acting as a north / south barrier there are only 
seven line-of-sight gaps through the Maldives along its major axis. The pooled vertical length of 
the gaps is 174 km which is about a fifth (21%) of the north-south extent of the Maldives.  
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Figure 5-3 Maldives as a sieve. Major line-of-site gaps through the archipelago.  
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5.2.3 Water depth 
Water depth is an important factor for the fate of oil pollution at sea: suspended sediments bind 
and interact with oil and currents are affected by changes in depth.  
The waters surrounding the Maldives extend down to 3,000 m. There are two deep water 
channels through the archipelago: Kardiva and One and Half Degree Channel.  
One and Half Degree Channel at the southern end of the Maldives has water depths of 2000 m 
(Figure 5-4). About 100 – 200 trips are made each year by large ships > 10,000 GT. In contrast 
Kardiva Channel which passes through the archipelago about 90 km north of the capital Male 
has water depths down to about 500 m. There is a seamount with a 185 m over it at the western 
approach to Kardiva Channel. Tidal streams through the channel set ENE when in-going and 
WSW when out-going at a rate of up to 3.7 km.hr-1.   
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Figure 5-4 Bathymetry of Maldives showing the three main shipping routes through the archipelago: One and Half Degree Channel, Kardiva and Eight Degree Channels 
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5.2.4 Winds and surface currents 
The climate of the Maldives can be divided into two monsoon periods marked by strong 
reversals in wind direction that are confined to a narrow range of wind angles. Summary wind 
data since 1964 (British Admiralty Sailing Directions NP 38 2005) indicate that the Maldives 
experience southwest to northwest winds (∼225–315°) from April to November (westerly 
monsoon) with a mean wind speed of 5.0 m/s. In contrast, winds from the northeast–east (∼45–
90°) prevail from November to March (northeast monsoon) with a mean wind speed of 4.8 m/s. 
Wind strength is most variable during the cross-over between northeast and westerly monsoons 
with mean wind speed falling to 3.5 m/s in March.  
The relationship between wind and currents is complex and is explained in detail in Box 5-2. 
The Beaufort scale is explained in Box 5-3. 
Wind direction in January is mainly from the NE (Figure 5-5). Currents of moderate constancy 
are from the east to NE. A description of the symbols used is described in Box 5-1 below. 
Box 5-1 Wind rose and current symbols used. 
WIND ROSE 
The frequency of wind from any direction is given according to the 
scale  . This scale is further subdivided to indicate 
the frequency of winds of different Beaufort force according to the 
legend     
CURRENTS 
Green: moderate constancy 50 – 75% of the time; Black: low 
constancy < 50% of the time. 
 
Winds in March are mainly from the NW (Figure 5-6). Currents of moderate constancy from the 
E occur in the northern half of the Maldives and with low constancy in the southern half of the 
Maldives.  
Winds in July are predominantly westerlies i.e. they blow towards the east (Figure 5-7).  Calm 
periods occur less than 1% of the time in the northern section of the Maldives whereas they 
occur less than 3% of the time in the southern section of the Maldives.  Moderate to strong 
westerly breezes blow at Beaufort force 4 (20 – 28 km.hr-1) and 5 to 6 (29 – 49 km.hr-1) for 
about a fifth of the time forming white horses and white foam crests;  actions that would cause 
oil slicks on the surface to rapidly break up and disperse. During this period surface currents 
down to about 120 m in the northern section of the Maldives are setting to the west at ¾ knot 
(1.4 km.hr-1) for 50 – 75% of the time.  
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Figure 5-5 Wind and currents in January (for description of legend see Box 5-1). 
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Figure 5-6 Winds and currents in March (for description of legend see Box 5-1). 
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Figure 5-7 Wind and currents July (for description of legend see Box 5-1). 
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Box 5-2 Relationship between wind and currents explained 
Taken from British Admiralty Sailing Directions 2005 NP 38 
When wind blows over the sea surface the frictional drag of the wind 
tends to cause the surface water to move with the wind. As soon as 
any movement is imparted the effect of the Earth’s rotation (the 
Coriolis force) is to deflect the movement towards the right in the N 
hemisphere and towards the left in the S hemisphere. Although 
theory suggests that this effect should produce a surface flow or 
“wind drift current” in a direction inclined at 45 to the right or left of 
the wind direction in the N or S hemisphere, observations show this 
angle to be less in practice. Various values between 20° and 45° have 
been reported.  An effect of the movement of the surface water layer 
is to impart a lesser movement to the layer immediately below in a 
direction to the right (left in S hemisphere) of that of the surface 
layer. Thus with increasing depth the speed of the wind induced 
current becomes progressively less but the angle between the 
directions of wind and current progressively increases.  
The speed of a surface current relative to the speed of the wind 
responsible has been the subject of many investigations. This is a 
complex problem and many different answers have been put 
forward. An average empirical value for this ratio is about 1:40 (or 
0.025). Some investigators claim a variation of the factor with 
latitude but the degree of such variation is in dispute. In the main the 
variation with latitude is comparatively small and in view of other 
uncertainties in determining the ratio can probably be disregarded in 
most cases.  
The implication that a 40 knot wind should produce a current of 
about 1 knot needs quantification. The strength of the current 
depends on the period and the fetch over which the wind has been 
blowing. With the onset of wind there is initially little response in 
terms of water movement which gradually builds up over time. With 
light winds the slight current that results takes only about 6 hours to 
become fully developed but with strong winds about 48 hours is 
needed for the current to reach its full speed. A limited fetch however 
restricts the development of the current.  
It seems reasonable to expect that hurricane force winds might give 
rise to currents in excess of 2 knots provided that the fetch and 
duration of the wind sufficed. Reliable observations however are rare 
in these circumstances.  
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Box 5-3 Beaufort force explained. 
BEAUFORT FORCE 
1 – 2: Light air/ light breeze (1 – 11 km hr-1). Ripples to small wavelets 
3: Gentle breeze (12 – 19 km hr-1). Large wavelets. Crests begin to 
break; scattered whitecaps 
4:  Moderate breeze (20 – 28 km hr-1 ), small waves with breaking 
crests. Fairly frequent white horses 
5:  Fresh breeze (29 – 38 km hr-1), moderate waves of some length. 
Many white horses. Small amounts of spray 
6:  Strong breeze (39 – 49 km hr-1), long waves begin to form. White 
foam crests are very frequent. Some airborne spray is present 
7:  High wind (50 – 61 km hr-1), moderate gale, near gale. Sea heaps 
up. Some foam from breaking waves is blown into streaks along wind 
direction. Moderate amounts of airborne spray 
8 – 12: Gale to hurricane (62 – 117km hr-1),   Moderately high waves 
with breaking crests forming spindrift. Well-marked streaks of foam 
are blown along wind direction. Considerable airborne spray (8); 
Huge waves (12). Sea is completely white with foam and spray. Air is 
filled with driving spray, greatly reducing visibility. 
 
5.2.5 Shipping routes 
Major and minor shipping routes pass to the north of the Maldives and through the Maldive 
archipelago itself (Figure 5-8 and Figure 5-9). To the north of the Maldives is a major shipping 
route with approximately 5,000 trips per year made by ships > 10,000 GT. Other routes with 
large traffic of ships > 10,000 GT pass through one and half degree channel.   
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Figure 5-8. Regional perspective of shipping routes for ships > 10,000 GT. Yellow: 2,000 - 5,000 trips per 
year; orange: 1,000 - 2,000 trips per year; red: 100 – 200 trips per year; pink: 25 – 100 trips per year; grey: 
< 25 trips per year. 
 
 
Figure 5-9. Elevated perspective of shipping routes and volume of traffic for ships > 10,000 GT. Yellow: > 
2,000 - 5,000 trips per year; red: 100 – 200 trips per year; pink: 25 – 100 trips per year; grey: < 25 trips per 
year. 
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5.3 Tarball sampling methods 
Sampling was done on 101 islands in July 2006, 107 islands in March 2007 and 59 islands in 
June 2010. A complete list of the schools and contact details is given Appendix C.  
Sampling methods were explained to teachers by phone supported by leaflets mailed to them. 
Data sheets were faxed to each island.  
Sampling was carried out by all schools on a single day in July 2006, March 2007 and June 
2010. Filled in data sheets were usually faxed to SAARC office the same day. 
Data was entered into Excel for 2006 and 2007 sampling periods. For the 2010 sampling period 
an Excel data entry workbook was created to streamline data entry and improve quality control.   
5.4 Data analysis 
5.4.1 Spatial join island name point data to polygon data 
Inspection of the island point data and island and reefs polygon data indicated that some island 
points were not within island polygons. Furthermore, some island polygons had more than one 
island point. Consequently an island Voronoi map was created from the island name point data 
with ArcGIS and intersected with the island and reef polygons. This resulted in a spatial join of 
island names from the point data to the polygon islands and corrected the island point-data-not-
in polygon problem.  
5.4.2 Perimeter of islands and reefs 
To calculate perimeters of islands and reefs labelled by island and reef name, island and reef 
polygons were first converted to line. Next the lines were intersected with the island Voronoi 
map (see above). This resulted in perimeters in km for reefs and islands labelled by island name.   
5.4.3 Digital Elevation Model  
Depth contours were created at 100 m intervals using ArcGIS. Contours that intersected reefs 
were flagged and manually edited so that they no longer intersected the contours.  
A TIN was created by adding the depth contours as soft lines and reefs as hard replace 
polygons. This resulted in an improved DEM for the study area. However, areas inside lagoons 
less than 100 m were not correctly modelled in the TIN because detailed depth data for lagoons 
was not available for the study. 
5.4.4 Spatial modelling 
Tarballs on the beaches of Maldives islands may come from two sources:  
• Oil spills from passing ships that deliberately or inadvertently discharge oil. This may arise 
from discharging bilge and ballast water or from faulty  “Oily Water Separators” or 
improper operation of this equipment by crewmembers, sometimes called the “Magic Pipe” 
(Annex F) 
• Natural seepage from a submarine source 
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An internet search of the literature was made to determine if there was evidence of natural 
submarine seepages of oil in the vicinity of the Maldives; none was found. 
The null hypothesis was stated as “There is no relationship between distribution and abundance 
of tarballs on the beaches of the Maldives and main shipping lanes.”   
Within this hypothetical framework data was assembled and analysed to either accept or reject 
the null hypothesis.  
Modelling exposure of beaches to shipping 
Shipping routes for ships > 10,000 GT were obtained from the literature by digitizing maps 
published in a recent paper by Kaluza et al. (2010).  
A decay function was applied to distance from shipping lane to model the dispersion of oil away 
from the shipping lanes. The decay of oil away from shipping lane was a function of number of 
trips per year along the shipping lane and distance from shipping lane (Figure 5-10).  
 
 
 
Figure 5-10 Inverse distance function for exposure of island beaches to tarballs from shipping lanes as a 
function of distance from a shipping lane with 5,000 trips per year. [notrips5k] * Exp (-1 * 0.1 * [dist5k]  ) 
Similar functions were modelled for intensity of shipping for other main shipping lanes. The 
results of the modelling showed highest values for the exposure to shipping index in the 
northern section of the Maldives (Figure 5-11). 
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Figure 5-11 Exposure to shipping index map.  
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Values for exposure to shipping index were appended to the tarball data for Geographically 
Weighted Regression (GWR) and Ordinary Least Squares (OLS) regression analyses of 
abundance of tarballs on exposure to shipping.  
5.4.5 Exploratory data analysis 
To visualize spatial patterns in distribution and abundance of tarballs throughout the Maldives, 
Inverse Distance Weighting (IDW) was applied to the July 2006 (Figure 5-12), March 2007 
(Figure 5-13) and June 2010 (Figure 5-14) tarball abundance data. A full description of IDW is 
given in Appendix E. All maps showed that tarball abundance was higher close to the main 
shipping route through Eight Degree Channel in the northern section of the study area and 
decreased progressing in a southerly direction. The maps also revealed that spatial patterns in 
tarball abundance were not simply a north – south gradient but had substantial local variations 
within this general pattern.  
Because of these spatial patterns Geographic Weighted Regression (GWR) (Fotheringham et al. 
2002) was used to determine if the spatial relationship between abundance of tarball and 
exposure to shipping was constant throughout the study area. A more detailed description of 
GWR is given in Appendix G. 
5.4.6 Change in abundance of tarballs over time 
A paired sample T-test was used to test for changes in abundance of tarballs over time. The 
abundance of tarballs per island was used as the variable. Using a paired T-test controls for 
differences in island size. This test was carried out for (a) 2007 versus 2006; (b) 2010 versus 
2006; and (c) 2010 versus 2007. 
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Figure 5-12 July 2006 Inverse Distance Weighted (IDW) abundance of tarballs. Filled contours are 
smoothed abundance of tarballs per island. 
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Figure 5-13 March 2007 Inverse Distance Weighted (IDW) abundance of tarballs. Filled contours are 
smoothed abundance of tarballs. 
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Figure 5-14 June 2010 Inverse Distance Weighted (IDW) abundance of tarballs. Filled contours are 
smoothed abundance of tarballs. 
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Exploratory analysis was also done with Ordinary Least Squares Regression. 
The results indicated that although the GWR model explained significant variance in abundance 
of tarballs against exposure to shipping for all three years sampled the improvements in the 
model over a simple OLS did not justify the added complexity using GWR. Consequently OLS 
was used in the analysis proper.  
July 2006 
One third of the variance (33%) of tarball abundance in the Maldives was explained by a simple 
GWR model using exposure to shipping as independent variable for the July 2006 tarball survey 
(Table 5-3). 
Table 5-3 Geographically Weighted Regression (GWR) with abundance of tarballs as dependent variable 
and exposure to shipping as independent variable for islands sampled in July 2006.  
Statistic Value Residual Squares 2,199,211 Effective Number 32.9 Sigma 179.8 AICc  1,374.4 R2 0.55 R2 Adjusted   0.33 
 
Examination of maps of regression coefficient and intercepts indicated that regression 
coefficients were highest in the northern section of the Maldives (Figure 5-15). 
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Figure 5-15 Geographically Weighted Regression map of regression coefficients for the July 2006 survey. 
Bubble size proportional to abundance of tarballs counted on islands 
 
Examination of plots of GWR regression intercepts showed much local variation (Figure 5-16). 
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Figure 5-16 Geographically Weighted Regression map of regression intercepts for the July 2006 survey. 
Bubble size proportional to abundance of tarballs counted on islands 
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March 2007 
More than half the variance (54%) of tarball abundance in the Maldives was explained by a 
simple GWR model using exposure to shipping as independent variable for the March 2007 
tarball survey (Table 5-4). 
Table 5-4 Geographic Weighted Regression (GWR) with abundance of tarballs as dependent variable and 
exposure to shipping as independent variable for islands sampled in March 2007 
Statistic Value Neighbours 11 Residual Squares 21,536,483.6 Effective Number 38.1 Sigma 547.2 AICc 1746.4 R2 0.69 R2 Adjusted 0.54 
 
Examination of maps of regression coefficient and intercepts indicated that regression 
coefficients showed local areas of high values in the northern section of the Maldives and low 
values in the mid region of the Maldives (Figure 5-17). 
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Figure 5-17 Geographically Weighted Regression map of regression coefficients for the March 2007 
survey. Bubble size proportional to abundance of tarballs counted on islands 
 
Examination of plots of GWR regression intercepts showed much local variation (Figure 5-18). 
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Figure 5-18 Geographically Weighted Regression map of regression intercepts for the March 2007 survey. 
Bubble size proportional to abundance of tarballs counted on islands 
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June 2010 
A tenth of the variance (12%) of tarball abundance in the Maldives was explained by a simple 
GWR model using exposure to shipping as independent variable for the June 2010 tarball 
survey (Table 5-5). 
Table 5-5 Geographically Weighted Regression (GWR) with abundance of tarballs as dependent variable 
and exposure to shipping as independent variable for islands sampled in June 2010 
Statistic  value Neighbors  33 Residual Squares 1,159,896 Effective Number 6.4 Sigma 149.935 AICc 753.84 R2 0.20 R2 Adjusted 0.12 
 
 
A plot of the GWR regression coefficients showed that highest regression coefficients were 
found in the northern section of the Maldives (Figure 5-19). 
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Figure 5-19 Geographically Weighted Regression map of tarball abundance with exposure to shipping for 
the June 2010 tarball survey.  
Examination of plots of GWR regression intercepts showed much local variation (Figure 5-18). 
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Figure 5-20 Geographically Weighted Regression map of regression intercepts for the June 2010 survey. 
Bubble size proportional to abundance of tarballs counted on islands. 
5.4.7 Ordinary Least Squares Regression 
The results of the previous GWR analyses, although significant, did not show much 
improvement over the results from an ordinary least squares regression analysis. They are 
presented here since this technique is new and shows great promise for future analyses. 
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Ordinary Least Squares regression was done on Log10 transformed abundance of tarballs. The 
regression used year and exposure to shipping as independent variables with log10-transformed 
abundance as the dependent variable. Residual plots and histograms were examined to assess if 
assumptions of regression were not violated.  
6. RESULTS 
6.1 Sampling effort 
Students sampled 441 km of beach on 100 islands in July 2006, 472 km of beach on 109 islands 
in March 2007 and 346 km of beach on 59 islands in June 2010 to give a total of 1,259 km of 
beach sampled over the four year study period. Sampling was carried out on a single day. 
Teachers instructed and supervised sampling which was carried out by school children.  
6.2 Abundance and size of tarballs 
Students counted more than 65,000 tarballs for the three sampling occasions (Table 6-1).  
Table 6-1 Summary abundance data for tarball sampling July 2006 March 2007 and June 2010. 
Sampling occasion Small Tarballs Medium Tarballs Large Tarballs Total abundance July 2006 14,594 6,608 4,852 26,054 March 2007 21,772 6,678 5,835 34,285 June 2010 2,915 1,176 1,034 5,125 Grand Total 39,281 14,462 11,721 65,464 
 
Small tarballs predominated for all sampling occasions. There is a relationship between size of 
tarball and length of exposure and water turbulence. Large tarballs may be broken up as they 
pass over the reefs to strand on the beach. Alternately large tarballs close it the source may 
break down as they drift away from the shipping lanes. Because of this it is not possible to 
determine with certainty the reason for the predominance of small tarballs.  
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Figure 6-1 Log10 transformed abundance of small, medium and large tarballs for July 2006, March 2007 
and June 2010.  
6.3 Abundance of tarballs in relation to exposure to shipping 
The results of the OLS regression of Log10-transformed abundance of tarballs and exposure to 
shipping indicated that 12% of the variation was explained by the model (Table 6-2). Exposure 
to shipping was highly significant. There were no significant differences among years.  
Examination of regression standardized residuals showed a bimodal distribution (Figure 6-2) 
but the normal P-P plot of regression standardized residuals was normal except for a deflection 
from values ranging from 0.2 to 0.4 (Figure 6-3). 
 
Figure 6-2 Histogram plot of regression standardized residuals. 
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Figure 6-3 Normal P-P Plot of Regression Standardized Residual 
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Table 6-2. Ordinary Least Squares Regression of log10 transformed abundance of tarballs and exposure 
to shipping. Year: sampling year; xp2shpdd: exposure to shipping index. 
 
 
 
 
 
 
 
 
 
 
6.4 Change in abundance of tarballs over time 
6.4.1 2007 versus 2006 
For the 101 islands repeatedly sampled in 2006 and 2007 there was no significant difference in 
abundance of tarballs over the 2 years (Table 6-3). The correlation between years 0.732 was 
high. 
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Table 6-3 Paired T-test for changes in abundance of tarballs from 2006 to 2007.  
 
 
6.4.2 2010 versus 2006 
For the 34 islands repeatedly sampled in 2010 and 2006 there was no significant difference in 
abundance of tarballs over the 2 years (Table 6-4). The correlation between years 0.22 was low. 
 
Table 6-4 Paired T-test for changes in abundance of tarballs 2010 and 2006  
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6.4.3 2010 versus 2007 
For the 37 islands repeatedly sampled in 2010 and 2007 there was no significant difference in 
abundance of tarballs over the 2 years (Table 6-3). The correlation between years 0.729 was 
high. 
 
Table 6-5 Paired T-test for changes in abundance of tarballs 2010 and 2007  
 
 
7. DISCUSSION 
The purpose of the study was to: 
• Analyse the available data from the previous tarball surveys and design a stratified 
survey to be undertaken in 2010 that will produce an estimate of the absolute 
abundance and size frequency of tarballs.  It is likely that the survey will need to be 
concentrated in selected areas to be determined after considering the locations of 
previous surveys, the availability of samplers, and accessibility to certain areas. 
• Derive a relative index of abundance for tarball density for the years 2006, 2007 and 
2010 (for specific areas, and, if possible, wider regions)  
• Assist in training for survey implementation 
• Assist in data analysis and mapping results  
• Oversee / supervise the production of the final report 
7.1 Analyse Data 
The consultant arrived during the 2010 sampling period and as a result did not have time to 
design a stratified survey for the 2010 sampling period. However, evaluation of the existing 
sampling program indicated that estimates of absolute abundance and size frequency of tarballs 
DISCUSSION 
7-56 | P a g e  
 
were possible so long as: (1) maps of each island were faxed to respective islands and for 
samplers to clearly mark on the map the position for the start and finish of sampling; (2) the 
width of the beach was measured.   
7.2 Derive relative index 
Because of the way the data was collected in 2006, 2007 and 2010 it was not possible to 
calculate the density of tarballs either for unit length of beach or unit area. Consequently a 
relative index of abundance for tarball density for the years 2006, 2007 and 2010 was created by 
using the total number of tarballs per island. This relative index was used in a paired T-test 
analysis which compared the abundance of tarballs among years sampled. Using this approach 
controlled for differences in area sampled for each island.  
7.3 Assist in training for survey implementation 
It was not possible to give field training. Given the timing of the consultants inputs – which 
coincided with the survey itself - any attempt to modify the existing survey methods by fax 
would have led to confusion. Extensive training was given to SAARC staff in Male for GIS, 
database and data entry. 
7.4 Assist in data analysis and mapping results 
Staff at Male were not qualified nor experienced in data analysis and mapping. Consequently 
the analysis and mapping was done by the consultant.  
 
7.5 Oversee / supervise the production of the final report 
The consultant oversaw and supervised in the production of the final report as shown herein. 
7.6 When to sample tarballs 
Tarballs are moved by both wind and currents but winds can have the most effect on the 
movement of oil floating on the surface. Based on seasonal patterns of winds and currents in the 
Laccadive Sea tarballs should be sampled in January when both wind and surface currents are 
moving water south westerly away from the main shipping lanes north of the Maldives onto the 
archipelago. Sampling should be timed to coincide with school holidays late December or early 
in January. 
7.7 Standardized sampling protocol 
Efforts should be directed towards standardizing the sampling on all islands. There was a 
remarkably high level of consistency of sampling carried out by schools given that there has 
been no direct training and instructions were by phone and text. However, there were some 
differences in the way data was recorded and faxed to SAARC office in Male.  
SAARC should consider a training program for at least the teachers who supervise sampling. 
Ideally a selection of students should also be trained – perhaps as a reward for their excellent 
work and enthusiasm. This training will require funding and organization. A number of standard 
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methods have been proposed for sampling tarballs with the most recent being the Shoreline 
Cleanup Assessment Team (SCAT) methodology (Owens et al. 2000; Owens et al. 2001). The 
data sheet used by SCAT for measuring and recording tarballs is at Appendix F. Examination of 
the data sheet suggests that with the exception of (a) width of beach and (b) whether the tarball 
is sticky or not, the methods used by SAARC for sampling tarballs in the Maldives is 
compatible with SCAT. To ensure complete compatibility fields should be added to the Excel 
data entry template for (a) the width of beach in meters; and (b) a measure of how sticky tarballs 
are.  
7.8 Maps of the island 
The standardized sampling protocol must include hardcopy maps of the island. North, South, 
East and West segments of beach should be marked clearly on the map. Each group of students 
should be given a copy of the map showing the segment of beach they will sample. This map 
must be faxed along with the data sheet at the end of sampling to the SAARC office in Male.  
7.9  Standardized data recording 
The author noted that schools faxed their data in a variety of formats. Hardcopy data entry 
templates should be sent to all schools and teachers encouraged to use the template.  
The width of the beach for each segment North, South, East and West should be estimated and 
entered on the data sheet. This information can be used to improve the accuracy of tarball 
abundance estimates. This modification should be considered only if the SCAT methodology is 
not adopted.  
7.10 Data entry workbook 
Much time and effort was put into developing a simple and robust Excel workbook for tarball 
data entry. This data entry system using Excel will save many hours of data checking and errors.  
The workbook has extensive data validation using drop-down lists for quality control. This 
workbook should be used for all future monitoring. It will need to be modified to include an 
entry for width of beach. However, any modifications to the data entry workbook must only be 
made by an experienced MS Excel programmer. A casual user of MS Excel is not qualified to 
make changes to the workbook and there is a real risk the workbook will be corrupted. Contact 
brian.long@csiro.au for a new workbook if the existing one is corrupted or if help is needed 
adding a new entry for width of beach.   
7.11 Data analysis 
Exploratory data analyses were done using a relatively new technique, Geographically 
Weighted Regression (GWR). A description of the method is given in Appendix G. Although 
showing promise as a tool for exploring in great depth the complex spatial patterns in 
distribution and abundance of tarballs in relation to shipping routes, marginal improvements in 
the amount of variation explained using GWR did not justify its use in this study over 
traditional Ordinary Least Squares (OLS) regression.  
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This should not, however, prevent its use in future. With improved quality control for sampling 
tarballs by including estimates of beach width so that tarball abundance can be standardized to 
unit area GWR should be utilized in future analyses. 
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9. APPENDIX A – OILPOL CONVENTION 
The 1954 Convention, which was amended in 1962, 1969 and 1971, primarily addressed 
pollution resulting from routine tanker operations and from the discharge of oily wastes from 
machinery spaces – regarded as the major causes of oil pollution from ships. 
The 1954 OILPOL Convention, which entered into force on 26 July 1958, attempted to tackle 
the problem of pollution of the seas by oil - defined as crude oil, fuel oil, heavy diesel oil and 
lubricating oil in two main ways: 
• It established "prohibited zones" extending at least 50 miles from the nearest land in which 
the discharge of oil or of mixtures containing more than 100 parts of oil per million was 
forbidden; and 
• It required Contracting Parties to take all appropriate steps to promote the provision of 
facilities for the reception of oily water and residues. 
In 1962, IMO adopted amendments to the Convention which extended its application to ships of 
a lower tonnage and also extended the "prohibited zones". Amendments adopted in 1969 
contained regulations to further restrict operational discharge of oil from oil tankers and from 
machinery spaces of all ships. 
Although the 1954 OILPOL Convention went some way in dealing with oil pollution, growth in 
oil trade and developments in industrial practices were beginning to make it clear that further 
action, was required. Nonetheless, pollution control was at the time still a minor concern for 
IMO, and indeed the world was only beginning to wake up to the environmental consequences 
of an increasingly industrialised society. 
Torrey Canyon 
In 1967, the tanker Torrey Canyon ran aground while entering the English Channel and spilled 
her entire cargo of 120,000 tons of crude oil into the sea. This resulted in the biggest oil 
pollution incident ever recorded up to that time. The incident raised questions about measures 
then in place to prevent oil pollution from ships and also exposed deficiencies in the existing 
system for providing compensation following accidents at sea. 
First, IMO called an Extraordinary session of its Council, which drew up a plan of action on 
technical and legal aspects of the Torrey Canyon incident. Then, the IMO Assembly decided in 
1969 to convene an international conference in 1973 to prepare a suitable international 
agreement for placing restraints on the contamination of the sea, land and air by ships. 
In the meantime, in 1971, IMO adopted further amendments to OILPOL 1954 to afford 
additional protection to the Great Barrier Reef of Australia and also to limit the size of tanks on 
oil tankers, thereby minimizing the amount of oil which could escape in the event of a collision 
or stranding.  
1973 Convention 
Finally, an international Conference in 1973 adopted the International Convention for the 
Prevention of Pollution from Ships. While it was recognized that accidental pollution was 
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spectacular, the Conference considered that operational pollution was still the bigger threat. As 
a result, the 1973 Convention incorporated much of OILPOL 1954 and its amendments into 
Annex I, covering oil. 
But the Convention was also intended to address other forms of pollution from ships and 
therefore other annexes covered chemicals, harmful substances carried in packaged form, 
sewage and garbage. The 1973 Convention also included two Protocols dealing with Reports on 
Incidents involving Harmful Substances and Arbitration. 
The 1973 Convention required ratification by 15 States, with a combined merchant fleet of not 
less than 50 percent of world shipping by gross tonnage, to enter into force. By 1976, it had 
only received three ratifications - Jordan, Kenya and Tunisia - representing less than one 
percent of the world's merchant shipping fleet. This was despite the fact that States could 
become Party to the Convention by only ratifying Annexes I (oil) and II (chemicals). Annexes 
III to V, covering harmful goods in packaged form, sewage and garbage, were optional. 
It began to look as though the 1973 Convention might never enter into force, despite its 
importance.  
1978 Conference 
In 1978, in response to a spate of tanker accidents in 1976-1977, IMO held a Conference on 
Tanker Safety and Pollution Prevention in February 1978. The conference adopted measures 
affecting tanker design and operation, which were incorporated into both the Protocol of 1978 
relating to the 1974 Convention on the Safety of Life at Sea (1978 SOLAS Protocol) and the 
Protocol of 1978 relating to the 1973 International Convention for the Prevention of Pollution 
from Ships (1978 MARPOL Protocol) - adopted on 17 February 1978. 
More importantly in terms of achieving the entry into force of MARPOL, the 1978 MARPOL 
Protocol allowed States to become Party to the Convention by first implementing Annex I (oil), 
as it was decided that Annex II (chemicals) would not become binding until three years after the 
Protocol entered into force. 
This gave States time to overcome technical problems in Annex II, which for some had been a 
major obstacle in ratifying the Convention. 
As the 1973 Convention had not yet entered into force, the 1978 MARPOL Protocol absorbed 
the parent Convention. The combined instrument - the International Convention for the 
Prevention of Marine Pollution from Ships, 1973 as modified by the Protocol of 1978 
relating thereto (MARPOL 73/78) - finally entered into force on 2 October 1983 (for Annexes 
I and II). 
Annex V, covering garbage, achieved sufficient ratifications to enter into force on 31 December 
1988, while Annex III, covering harmful substances carried in packaged form, entered into 
force on 1 July 1992. Annex IV, covering sewage, enters into force on 27 September 2003. 
Annex VI, covering air pollution, was adopted in September 1997 and enters into force on 19 
May 2005. 
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Annex I: Prevention of pollution by oil 
Entry into force: 2 October 1983 
(Revised Annex I enters into force 1 January 2007) 
The 1973 Convention maintained the oil discharge criteria prescribed in the 1969 amendments 
to the 1954 Oil Pollution Convention, without substantial changes, namely, that operational 
discharges of oil from tankers are allowed only when all of the following conditions are met: 
• the total quantity of oil which a tanker may discharge in any ballast voyage whilst under 
way must not exceed 1/15,000 of the total cargo carrying capacity of the vessel; 
• the rate at which oil may be discharged must not exceed 60 litres per mile travelled by the 
ship; and 
• no discharge of any oil whatsoever must be made from the cargo spaces of a tanker within 
50 miles of the nearest land. 
An oil record book is required, in which is recorded the movement of cargo oil and its residues 
from loading to discharging on a tank-to-tank basis. 
In addition, in the 1973 Convention, the maximum quantity of oil permitted to be discharged on 
a ballast voyage of new oil tankers was reduced from 1/15,000 of the cargo capacity to 1/30,000 
of the amount of cargo carried. These criteria applied equally both to persistent (black) and 
non-persistent (white) oils. 
As with the 1969 OILPOL amendments, the 1973 Convention recognized the "load on top" 
(LOT) system which had been developed by the oil industry in the 1960s. On a ballast voyage 
the tanker takes on ballast water (departure ballast) in dirty cargo tanks. Other tanks are washed 
to take on clean ballast. The tank washings are pumped into a special slop tank. After a few 
days, the departure ballast settles and oil flows to the top. Clean water beneath is then decanted 
while new arrival ballast water is taken on. The upper layer of the departure ballast is 
transferred to the slop tanks. After further settling and decanting, the next cargo is loaded on top 
of the remaining oil in the slop tank, hence the term load on top. 
A new and important feature of the 1973 Convention was the concept of "special areas" which 
are considered to be so vulnerable to pollution by oil that oil discharges within them have been 
completely prohibited, with minor and well-defined exceptions. The 1973 Convention identified 
the Mediterranean Sea, the Black Sea, and the Baltic Sea, the Red Sea and the Gulfs area as 
special areas. All oil-carrying ships are required to be capable of operating the method of 
retaining oily wastes on board through the "load on top" system or for discharge to shore 
reception facilities. 
This involves the fitting of appropriate equipment, including an oil-discharge monitoring and 
control system, oily-water separating equipment and a filtering system, slop tanks, sludge tanks, 
piping and pumping arrangements. 
New oil tankers (i.e. those for which the building contract was placed after 31 December 1975) 
of 70,000 tons deadweight and above, must be fitted with segregated ballast tanks large enough 
to provide adequate operating draught without the need to carry ballast water in cargo oil tanks. 
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Secondly, new oil tankers are required to meet certain subdivision and damage stability 
requirements so that, in any loading conditions, they can survive after damage by collision or 
stranding. 
The Protocol of 1978 made a number of changes to Annex I of the parent convention. 
Segregated ballast tanks (SBT) are required on all new tankers of 20,000 dwt and above (in the 
parent convention SBTs were only required on new tankers of 70,000 dwt and above). The 
Protocol also required SBTs to be protectively located - that is, they must be positioned in such 
a way that they will help protect the cargo tanks in the event of a collision or grounding. 
Another important innovation concerned crude oil washing (COW), which had been developed 
by the oil industry in the 1970s and offered major benefits. Under COW, tanks are washed not 
with water but with crude oil - the cargo itself. COW was accepted as an alternative to SBTs on 
existing tankers and is an additional requirement on new tankers. 
For existing crude oil tankers (built before entry into force of the Protocol) a third alternative 
was permissible for a period of two to four years after entry into force of MARPOL 73/78. The 
dedicated clean ballast tanks (CBT) system meant that certain tanks are dedicated solely to the 
carriage of ballast water. This was cheaper than a full SBT system since it utilized existing 
pumping and piping, but when the period of grace has expired other systems must be used. 
Drainage and discharge arrangements were also altered in the Protocol, regulations for 
improved stripping systems were introduced. 
Some oil tankers operate solely in specific trades between ports which are provided with 
adequate reception facilities. Some others do not use water as ballast. The TSPP Conference 
recognized that such ships should not be subject to all MARPOL requirements and they were 
consequently exempted from the SBT, COW and CBT requirements. It is generally recognized 
that the effectiveness of international conventions depends upon the degree to which they are 
obeyed and this in turn depends largely upon the extent to which they are enforced. The 1978 
Protocol to MARPOL therefore introduced stricter regulations for the survey and certification of 
ships. 
The 1992 amendments to Annex I made it mandatory for new oil tankers to have double hulls – 
and it brought in a phase-in schedule for existing tankers to fit double hulls, which was 
subsequently revised in 2001 and 2003.  
See also Oil Pollution 
Annex II: Control of pollution by noxious liquid substances 
Entry into force: 6 April 1987 
(Revised Annex II enters into force 1 January 2007) 
Annex II details the discharge criteria and measures for the control of pollution by noxious 
liquid substances carried in bulk. 
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Some 250 substances were evaluated and included in the list appended to the Convention.  The 
discharge of their residues is allowed only to reception facilities until certain concentrations and 
conditions (which vary with the category of substances) are complied with. 
In any case, no discharge of residues containing noxious substances is permitted within 12 miles 
of the nearest land.  More stringent restrictions applied to the Baltic and Black Sea areas. 
See also Chemical Pollution 
Annex III: Prevention of pollution by harmful substances in packaged form 
Entry into force: 1 July 1992 
The first of the convention's optional annexes. States ratifying the Convention must accept 
Annexes I and II but can choose not to accept the other three - hence they have taken much 
longer to enter into force. 
Annex III contains general requirements for the issuing of detailed standards on packing, 
marking, labelling, documentation, stowage, quantity limitations, exceptions and notifications 
for preventing pollution by harmful substances. 
The International Maritime Dangerous Goods (IMDG) Code has, since 1991, included marine 
pollutants. 
See also Harmful Substances in Packaged Form 
Annex IV: Prevention of pollution by sewage from ships 
Entry into force: 27 September 2003 
The second of the optional Annexes, Annex IV contains requirements to control pollution of the 
sea by sewage. A revised Annex was adopted in 2004. 
See also Sewage 
Annex V: Prevention of pollution by garbage from ships 
Entry into force: 31 December 1988 
This deals with different types of garbage and specifies the distances from land and the manner 
in which they may be disposed of. The requirements are much stricter in a number of "special 
areas" but perhaps the most important feature of the Annex is the complete ban imposed on the 
dumping into the sea of all forms of plastic. 
See also Garbage 
Annex VI: Prevention of Air Pollution from Ships 
Adoption: September 1997 
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Entry into force: 19 May 2005 
The regulations in this annex set limits on sulphur oxide and nitrogen oxide emissions from ship 
exhausts and prohibit deliberate emissions of ozone depleting substances. 
See 1997 amendments 
See also Air Pollution 
Enforcement 
Any violation of the MARPOL 73/78 Convention within the jurisdiction of any Party to the 
Convention is punishable either under the law of that Party or under the law of the flag State.  In 
this respect, the term "jurisdiction" in the Convention should be construed in the light of 
international law in force at the time the Convention is applied or interpreted. 
With the exception of very small vessels, ships engaged on international voyages must carry on 
board valid international certificates which may be accepted at foreign ports as prima facie 
evidence that the ship complies with the requirements of the Convention. 
If, however, there are clear grounds for believing that the condition of the ship or its equipment 
does not correspond substantially with the particulars of the certificate, or if the ship does not 
carry a valid certificate, the authority carrying out the inspection may detain the ship until it is 
satisfied that the ship can proceed to sea without presenting unreasonable threat of harm to the 
marine environment. 
Under Article 17, the Parties to the Convention accept the obligation to promote, in consultation 
with other international bodies and with the assistance of UNEP, support for those Parties which 
request technical assistance for various purposes, such as training, the supply of equipment, 
research, and combating pollution.  
Amendment Procedure 
Amendments to the technical Annexes of MARPOL 73/78 can be adopted using the "tacit 
acceptance" procedure, whereby the amendments enter into force on a specified date unless an 
agreed number of States Parties object by an agreed date. 
In practice, amendments are usually adopted either by IMO's Marine Environment Protection 
Committee (MEPC) or by a Conference of Parties to MARPOL. 
The 1984 amendments 
Adoption: 7 September 1984 
Entry into force: 7 January 1986 
The amendments to Annex I were designed to make implementation easier and more effective. 
New requirements were designed to prevent oily water being discharged in special areas, and 
other requirements were strengthened. But in some cases they were eased, provided that various 
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conditions were met: some discharges were now permitted below the waterline, for example, 
which helps to cut costs by reducing the need for extra piping. 
The 1985 (Annex II) amendments 
Adoption: 5 December 1985 
Entry into force: 6 April 1987 
The amendments to Annex II, which deals with liquid noxious substances (such as chemicals), 
were intended to take into account technological developments since the Annex was drafted in 
1973 and to simplify its implementation. In particular, the aim was to reduce the need for 
reception facilities for chemical wastes and to improve cargo tank stripping efficiencies. 
The amendments also made the International Code for the Construction and Equipment of Ships 
Carrying Dangerous Chemicals in Bulk (IBC Code) mandatory for ships built on or after 1st 
July 1986. This is important because the Annex itself is concerned only with discharge 
procedures: the Code contains carriage requirements. The Code itself was revised to take into 
account anti-pollution requirements and therefore make the amended Annex more effective in 
reducing accidental pollution 
The 1985 (Protocol I) amendments 
Adoption: 5 December 1985 
Entry into force: 6 April 1987 
The amendments made it an explicit requirement to report incidents involving discharge into the 
sea of harmful substances in packaged form. 
The 1987 Amendments 
Adoption:  December 1987 
Entry into force: 1 April 1989 
The amendments extended Annex I Special Area status to the Gulf of Aden 
The 1989 (March) amendments 
Adoption: March 1989 
Entry into force: 13 October 1990 
The amendments affected the International Code for the Construction and Equipment of Ships 
Carrying Dangerous Chemicals in Bulk (IBC Code), mandatory under both MARPOL 73/78 
and SOLAS and applies to ships built on or after 1st July 1986 and the Code for the 
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk (BCH). In both 
cases, the amendments included a revised list of chemicals. The BCH Code is mandatory under 
MARPOL 73/78 but voluntary under SOLAS 1974. 
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Further amendments affected Annex II of MARPOL - updating and replacing the lists of 
chemicals in appendices II and III.  
The October 1989 amendments 
Adoption: 17 October 1989 
Entry into force: 18 February 1991 
The amendments make the North Sea a "special area" under Annex V of the convention. This 
greatly increases the protection of the sea against the dumping of garbage from ships 
The 1990 (HSSC) amendments 
Adoption: March 1990 
Entry into force: 3 February 2000 (coinciding with the entry into force of the 1988 SOLAS and 
Load Lines Protocols). 
The amendments are designed to introduce the harmonized system of survey and certificates 
(HSSC) into MARPOL 73/78 at the same time as it enters into force for the SOLAS and Load 
Lines Conventions. 
All three instruments require the issuing of certificates to show that requirements have been met 
and this has to be done by means of a survey which can involve the ship being out of service for 
several days. 
The harmonized system alleviates the problems caused by survey dates and intervals between 
surveys which do not coincide, so that a ship should no longer have to go into port or repair 
yard for a survey required by one convention shortly after doing the same thing in connection 
with another instrument. 
The 1990 (IBC Code) amendments 
Adoption: March 1990 
Entry into force: On the same date as the March 1990 HSSC amendments i.e. 3 February 2000. 
The amendments introduced the HSSC into the IBC Code 
The 1990 (BCH) amendments 
Adoption: March 1990 
Entry into force: On the same date as the March 1990 HSSC amendments i.e. 3 February 2000. 
The amendments introduced the HSSC into the BCH Code. 
The 1990 (Annexes I and V) amendments 
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Adoption: November 1990 
Entry into force: 17 March 1992 
The amendments extended Special Area Status under Annexes I and V to the Antarctic. 
The 1991 amendments 
Adoption: 4 July 1991 
Entry into force: 4 April 1993 
The amendments made the Wider Caribbean a Special Area under Annex V. 
Other amendments added a new chapter IV to Annex I, requiring ships to carry an oil pollution 
emergency plan. 
The 1992 amendments 
Adoption: 6 March 1992 
Entry into force: 6 July 1993 
The amendments to Annex I of the convention which deals with pollution by oil brought in the 
"double hull" requirements for tankers, applicable to new ships (tankers ordered after 6 July 
1993, whose keels were laid on or after 6 January 1994 or which are delivered on or after 6 July 
1996) as well as existing ships built before that date, with a phase-in period. 
New-build tankers are covered by Regulation 13F, while regulation 13G applies to existing 
crude oil tankers of 20,000 dwt and product carriers of 30,000 dwt and above. Regulation 13G 
came into effect on 6th July 1995. 
Regulation 13F requires all new tankers of 5,000 dwt and above to be fitted with double hulls 
separated by a space of up to 2 metres (on tankers below 5,000 dwt the space must be at least 
0.76 m). 
As an alternative, tankers may incorporate the "mid-deck" concept under which the pressure 
within the cargo tank does not exceed the external hydrostatic water pressure. Tankers built to 
this design have double sides but not a double bottom. Instead, another deck is installed inside 
the cargo tank with the venting arranged in such a way that there is an upward pressure on the 
bottom of the hull. 
Other methods of design and construction may be accepted as alternatives "provided that such 
methods ensure at least the same level of protection against oil pollution in the event of a 
collision or stranding and are approved in principle by the Marine Environment Protection 
Committee based on guidelines developed by the Organization. 
For oil tankers of 20,000 dwt and above new requirements were introduced concerning 
subdivision and stability. 
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The amendments also considerably reduced the amount of oil which can be discharged into the 
sea from ships (for example, following the cleaning of cargo tanks or from engine room bilges). 
Originally oil tankers were permitted to discharge oil or oily mixtures at the rate of 60 litres per 
nautical mile. The amendments reduced this to 30 litres. For non-tankers of 400 grt and above 
the permitted oil content of the effluent which may be discharged into the sea is cut from 100 
parts per million to 15 parts per million. 
Regulation 24(4), which deals with the limitation of size and arrangement of cargo tanks, was 
also modified. 
Regulation 13G applies to existing crude oil tankers of 20,000 dwt and product carriers of 
30,000 dwt and above. 
Tankers that are 25 years old and which were not constructed according to the requirements of 
the 1978 Protocol to MARPOL 73/78 have to be fitted with double sides and double bottoms. 
The Protocol applies to tankers ordered after 1 June 1979, which were begun after 1 January 
1980 or completed after 1 June 1982. Tankers built according to the standards of the Protocol 
are exempt until they reach the age of 30. 
Existing tankers are subject to an enhanced programme of inspections during their periodical, 
intermediate and annual surveys. Tankers that are five years old or more must carry on board a 
completed file of survey reports together with a conditional evaluation report endorsed by the 
flag Administration. 
Tankers built in the 1970s which are at or past their 25th must comply with Regulation 13F. If 
not, their owners must decide whether to convert them to the standards set out in regulation 13F, 
or to scrap them. 
Another set of tankers built according to the standards of the 1978 protocol will soon be 
approaching their 30th birthday - and the same decisions must be taken. 
The 1994 amendments 
Adoption: 13 November 1994 
Entry into force: 3 March 1996 
The amendments affect four of the Convention's five technical annexes (II III, V, and I) and are 
all designed to improve the way it is implemented. They make it possible for ships to be 
inspected when in the ports of other Parties to the Convention to ensure that crews are able to 
carry out essential shipboard procedures relating to marine pollution prevention. These are 
contained in resolution A.742 (18), which was adopted by the IMO Assembly in November 
1993. 
The amendments are similar to those made to SOLAS in May 1994. Extending port State 
control to operational requirements is seen as an important way of improving the efficiency with 
which international safety and anti-pollution treaties are implemented.  
The 1995 amendments 
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Adoption: 14 September 1995 
Entry into force: 1 July 1997 
The amendments concern Annex V. They are designed to improve the way the Convention is 
implemented. Regulation 2 was clarified and a new regulation 9 added dealing with placards, 
garbage management plans and garbage record keeping. 
The 1996 amendments 
Adoption: 10 July 1996 
Entry into force: 1 January 1998 
One set of amendments concerned Protocol I to the Convention which contains provisions for 
reporting incidents involving harmful substances. The amendments included more precise 
requirements for the sending of such reports. 
Other amendments brought requirements in MARPOL concerning the IBC and BCH Codes into 
line with amendments adopted to SOLAS.  
The 1997 amendments 
Adoption: 23 September 1997 
Entry into force: 1 February 1999 
Regulation 25A to Annex 1 specifies intact stability criteria for double hull tankers. 
Another amendment made the North West European waters a "special area" under Regulation 
10 of Annex 1. The waters cover the North Sea and its approaches, the Irish Sea and its 
approaches, the Celtic Sea, the English Channel and its approaches and part of the North East 
Atlantic immediately to the West of Ireland. 
In special areas, discharge into the sea of oil or oily mixture from any oil tanker and ship over 
400 gt is prohibited. Other special areas already designated under Annex I of MARPOL 
include: the Mediterranean Sea area, the Baltic Sea area, the Red Sea area, the Gulf of Aden 
area and the Antarctic area. 
The Protocol of 1997 (Annex VI - Regulations for the Prevention of Air Pollution from 
Ships) 
Adoption: 26 September 1997 
Entry into force: 19 May 2005 
The Protocol was adopted at a Conference held from 15 to 26 September 1997 and adds a new 
Annex VI on Regulations for the Prevention of Air Pollution from Ships to the Convention. 
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The rules set limits on sulphur oxide (SOx) and nitrogen oxide (NOx) emissions from ship 
exhausts and prohibit deliberate emissions of ozone depleting substances. 
The new Annex VI includes a global cap of 4.5% m/m on the sulphur content of fuel oil and 
calls on IMO to monitor the worldwide average sulphur content of fuel once the Protocol comes 
into force. 
Annex VI contains provisions allowing for special  "SOx Emission Control Areas" to be 
established with more stringent control on sulphur emissions. In these areas, the sulphur content 
of fuel oil used on board ships must not exceed 1.5% m/m. Alternatively, ships must fit an 
exhaust gas cleaning system or use any other technological method to limit SOx emissions. 
The Baltic Sea is designated as a SOx Emission Control area in the Protocol. 
Annex VI prohibits deliberate emissions of ozone depleting substances, which include halons 
and chlorofluorocarbons (CFCs). New installations containing ozone-depleting substances are 
prohibited on all ships. But new installations containing hydro-chlorofluorocarbons (HCFCs) 
are permitted until 1st January 2020. 
The requirements of the IMO Protocol are in accordance with the Montreal Protocol of 1987, as 
amended in London in 1990. The Montreal Protocol is an international environmental treaty, 
drawn up under the auspices of the United Nations, under which nations agreed to cut CFC 
consumption and production in order to protect the ozone layer. 
Annex VI sets limits on emissions of nitrogen oxides (NOx) from diesel engines. A mandatory 
NOx Technical Code, developed by IMO, defines how this is to be done. 
The Annex also prohibits the incineration on board ship of certain products, such as 
contaminated packaging materials and polychlorinated biphenyls (PCBs). 
Format of Annex VI 
Annex VI consists of three Chapters and a number of Appendices: 
• Chapter 1 - General  
• Chapter II - Survey, Certification and Means of Control 
• Chapter III - Requirements for Control of Emissions from Ships 
• Appendices, including the form of the International Air Pollution Prevention Certificate; 
criteria and procedures for designation of SOx emission control areas; information for 
inclusion in the bunker delivery note; approval and operating limits for shipboard 
incinerators; test cycles and weighting factors for verification of compliance of marine 
diesel engines with the NOx limits; and details of surveys and inspections to be carried out. 
The 1999 amendments 
Adoption: 1 July 1999 
Entry into force: 1 January 2001 (under tacit acceptance) 
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Amendments to Regulation 13G of Annex I (Regulations for the Prevention of Pollution by Oil) 
make existing oil tankers between 20,000 and 30,000 tons deadweight carrying persistent 
product oil, including heavy diesel oil and fuel oil, subject to the same construction 
requirements as crude oil tankers. 
Regulation 13G requires, in principle, existing tankers to comply with requirements for new 
tankers in Regulation 13F, including double hull requirements for new tankers or alternative 
arrangements, not later than 25 years after date of delivery. 
The amendments extend the application from applying to crude oil tankers of 20,000 tons 
deadweight and above and product carriers of 30,000 tons deadweight and above, to also apply 
to tankers between 20,000 and 30,000 tons deadweight which carry heavy diesel oil or fuel oil. 
The aim of the amendments is to address concerns that oil pollution incidents involving 
persistent oils are as severe as those involving crude oil, so regulations applicable to crude oil 
tankers should also apply to tankers carrying persistent oils. 
Related amendments to the Supplement of the IOPP (International Oil Pollution Prevention) 
Certificate, covering in particular oil separating/filtering equipment and retention and disposal 
of oil residues were also adopted. 
A third MARPOL 73/78 amendment adopted relates to Annex II of MARPOL Regulations for 
the Control of Pollution by Noxious Liquid Substances in Bulk. The amendment adds a new 
regulation 16 requiring a Shipboard marine pollution emergency plan for noxious liquid 
substances. 
Amendments were also made to the International Code for the Construction and Equipment of 
Ships carrying Dangerous Chemicals in Bulk (IBC Code) and the Code for the Construction and 
Equipment of Ships carrying Dangerous Chemicals in Bulk (BCH Code). The amendments 
address the maintenance of venting systems, 
The 2000 amendments 
Adoption: 13 March 2000 
Entry into force: 1 January 2002 (under tacit acceptance) 
The amendment to Annex III (Prevention of Pollution by Harmful Substances Carried by Sea in 
Packaged Form) deletes tainting as a criterion for marine pollutants from the Guidelines for the 
identification of harmful substances in packaged form. Tainting refers to the ability of a product 
to be taken up by an organism and thereby affect the taste or smell of seafood making it 
unpalatable. A substance is defined as tainting when it has been found to taint seafood. 
The amendment means that products identified as being marine pollutants solely on the basis of 
their tainting properties will no longer be classified as marine pollutants. 
The 2001 amendments 
Adoption: 27 April 2001 
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Entry into force: 1 September 2002 
The amendment to Annex I brought in a new new global timetable for accelerating the phase-
out of single-hull oil tankers which was subsequently revised again by the 2003 amendments. 
The flag state administration may allow for some newer single hull ships registered in its 
country that conform to certain technical specifications to continue trading until the 25th 
anniversary of their delivery. 
However, under the provisions of paragraph 8(b), any Port State can deny entry of those single 
hull tankers which are allowed to operate until their 25th anniversary to ports or offshore 
terminals. They must communicate their intention to do this to IMO. 
As an additional precautionary measure, a Condition Assessment Scheme (CAS) will have to be 
applied to all Category 1 vessels continuing to trade after 2005 and all Category 2 vessels after 
2010. 
Although the CAS does not specify structural standards in excess of the provisions of other 
IMO conventions, codes and recommendations, its requirements stipulate more stringent and 
transparent verification of the reported structural condition of the ship and that documentary and 
survey procedures have been properly carried out and completed. 
The requirements of the CAS include enhanced and transparent verification of the reported 
structural condition and of the ship and verification that the documentary and survey procedures 
have been properly carried out and completed. The Scheme requires that compliance with the 
CAS is assessed during the Enhanced Survey Programme of Inspections concurrent with 
intermediate or renewal surveys currently required by resolution A.744(18), as amended.  
The 2003 Amendments 
Adoption: 4 December 2003 
Entry into force: April 2005 
Under a revised regulation 13G of Annex I of MARPOL, the final phasing-out date for 
Category 1 tankers (pre-MARPOL tankers) is brought forward to 2005, from 2007. The final 
phasing-out date for category 2 and 3 tankers (MARPOL tankers and smaller tankers) is brought 
forward to 2010, from 2015. 
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The full timetable for the phasing out of single-hull tankers is as follows: 
Category of oil tanker Date or year Category 1  5 April 2005 for ships delivered on 5 April 1982 or earlier 2005 for ships delivered after 5 April 1982  Category 2 and  Category 3 5 April 2005 for ships delivered on 5 April 1977 or earlier 2005 for ships delivered after 5 April 1977 but before 1 January 1978 2006 for ships delivered in 1978 and 1979 2007 for ships delivered in 1980 and 1981  2008 for ships delivered in 1982 2009 for ships delivered in 1983 2010 for ships delivered in 1984 or later  
 
Under the revised regulation, the Condition Assessment Scheme (CAS) is to be made applicable 
to all single-hull tankers of 15 years, or older. Previously it was applicable to all Category 1 
vessels continuing to trade after 2005 and all Category 2 vessels after 2010. Consequential 
enhancements to the CAS scheme were also adopted. 
The revised regulation allows the Administration (flag State) to permit continued operation of 
category 2 or 3 tankers beyond 2010 subject to satisfactory results from the CAS, but the 
continued operation must not go beyond the anniversary of the date of delivery of the ship in 
2015 or the date on which the ship reaches 25 years of age after the date of its delivery, 
whichever is earlier. 
In the case of certain Category 2 or 3 oil tankers fitted with only double bottoms or double sides 
not used for the carriage of oil and extending to the entire cargo tank length or double hull 
spaces, not meeting the minimum distance protection requirements, which are not used for the 
carriage of oil and extend to the entire cargo tank length, the Administration may allow 
continued operation beyond 2010, provided that the ship was in service on 1 July 2001, the 
Administration is satisfied by verification of the official records that the ship complied with the 
conditions specified and that those conditions remain unchanged. Again, such continued 
operation must not go beyond the date on which the ship reaches 25 years of age after the date 
of its delivery. 
Carriage of heavy grade oil 
A new MARPOL regulation 13H on the prevention of oil pollution from oil tankers when 
carrying heavy grade oil (HGO) bans the carriage of HGO in single-hull tankers of 5,000 tons 
dwt and above after the date of entry into force of the regulation (5 April 2005), and in single-
hull oil tankers of 600 tons dwt and above but less than 5,000 tons dwt, not later than the 
anniversary of their delivery date in 2008. 
Under the new regulation, HGO means any of the following: 
• crude oils having a density at 15ºC higher than 900 kg/m3; 
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• fuel oils having either a density at 15ºC higher than 900 kg/ m3 or a kinematic viscosity at 
50ºC higher than 180 mm2/s; and 
• bitumen, tar and their emulsions. 
In the case of certain Category 2 or 3 tankers carrying heavy grade oil as cargo, fitted only with 
double bottoms or double sides, not used for the carriage of oil and extending to the entire cargo 
tank length, or double hull spaces not meeting the minimum distance protection requirements 
which are not used for the carriage of oil and extend to the entire cargo tank length, the 
Administration may allow continued operation of such ships beyond 5 April 2005 until the date 
on which the ship reaches 25 years of age after the date of its delivery. 
Regulation 13(H) also allows for continued operation of oil tankers of 5,000 tons dwt and 
above, carrying crude oil with a density at 15ºC higher than 900 kg/ m3 but lower than 945 kg/ 
m3, if satisfactory results of the Condition Assessment Scheme warrant that, in the opinion of 
the Administration, the ship is fit to continue such operation, having regard to the size, age, 
operational area and structural conditions of the ship and provided that the continued operation 
shall not go beyond the date on which the ship reaches 25 years after the date of its delivery. 
The Administration may allow continued operation of a single hull oil tanker of 600 tons 
deadweight and above but less than 5,000 tons deadweight, carrying heavy grade oil as cargo, 
if, in the opinion of the Administration, the ship is fit to continue such operation, having regard 
to the size, age, operational area and structural conditions of the ship, provided that the 
operation shall not go beyond the date on which the ship reaches 25 years after the date of its 
delivery. 
The Administration of a Party to the present Convention may exempt an oil tanker of 600 tons 
deadweight and above carrying heavy grade oil as cargo if the ship is either engaged in voyages 
exclusively within an area under the Party's jurisdiction, or is engaged in voyages exclusively 
within an area under the jurisdiction of another Party, provided the Party within whose 
jurisdiction the ship will be operating agrees. The same applies to vessels operating as floating 
storage units of heavy grade oil. 
A Party to MARPOL 73/78 shall be entitled to deny entry of single hull tankers carrying heavy 
grade oil which have been allowed to continue operation under the exemptions mentioned 
above, into the ports or offshore terminals under its jurisdiction, or deny ship-to-ship transfer of 
heavy grade oil in areas under its jurisdiction except when this is necessary for the purpose of 
securing the safety of a ship or saving life at sea. 
Resolutions adopted 
The amendments to MARPOL regulation 13G, the addition of a new regulation 13H, 
consequential amendments to the IOPP Certificate and the amendments to the Condition 
Assessment Scheme were adopted by the Committee as MEPC Resolutions 
Among other resolutions adopted by the Committee, another on early implementation urged 
Parties to MARPOL 73/78 seriously to consider the application of the amendments as soon as 
possible to ships entitled to fly their flag, without waiting for the amendments to enter into force 
and to communicate this action to the Organization. It also invited the maritime industry to 
APPENDIX A – OILPOL CONVENTION 
9-82 | P a g e  
 
implement the aforesaid amendments to Annex I of MARPOL 73/78 effectively as soon as 
possible.  
The 2004 (April) Amendments 
Adoption: 1 April 2004 
Entry into force: 1 August 2005 
The revised Annex will apply to new ships engaged in international voyages, of 400 gross 
tonnage and above or which are certified to carry more than 15 persons. Existing ships will be 
required to comply with the provisions of the revised Annex IV five years after the date of its 
entry into force. The Annex requires ships to be equipped with either a sewage treatment plant 
or a sewage comminuting and disinfecting system or a sewage holding tank. 
The discharge of sewage into the sea will be prohibited, except when the ship has in operation 
an approved sewage treatment plant or is discharging comminuted and disinfected sewage using 
an approved system at a distance of more than three nautical miles from the nearest land; or is 
discharging sewage which is not comminuted or disinfected at a distance of more than 12 
nautical miles from the nearest land. 
Also, amendments to the Appendix to MARPOL Annex V on Prevention of pollution by 
garbage from ships which relate to the recording of the disposal of cargo residues in the 
Garbage Record Book.  
The 2004 (October) Amendments 
Adoption: 15 October 2004 
Entry into force: 1 January 2007 
Revised MARPOL Annex I (oil) 
The revised MARPOL Annex I Regulations for the prevention of pollution by oil incorporates 
the various amendments adopted since MARPOL entered into force in 1983, including the 
amended regulation 13G (regulation 20 in the revised annex) and regulation 13H (regulation 21 
in the revised annex) on the phasing-in of double hull requirements for oil tankers. It also 
separates, in different chapters, the construction and equipment provisions from the operational 
requirements and makes clear the distinctions between the requirements for new ships and those 
for existing ships. The revision provides a more user-friendly, simplified Annex I. 
New requirements in the revised Annex I include the following: 
• Regulation 22 Pump-room bottom protection: on oil tankers of 5,000 tonnes deadweight 
and above constructed on or after 1 January 2007, the pump-room shall be provided with a 
double bottom.  
• Regulation 23 Accidental oil outflow performance - applicable to oil tankers delivered on or 
after [date of entry into force of revised Annex I plus 36 months] 1 January 2010; 
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construction requirements to provide adequate protection against oil pollution in the event 
of stranding or collision.  
Oman Sea - new special area under MARPOL Annex I 
The Oman Sea area of the Arabian Seas is designated as a special area in the revised Annex I. 
The other special areas in Annex I are: Mediterranean Sea area; Baltic Sea area; Black Sea area; 
Red Sea area; "Gulfs" area; Gulf of Aden area; Antarctic area; and North West European 
Waters. In the special areas, there are stricter controls on discharge of oily wastes. 
Revised MARPOL Annex II (noxious liquid substances carried in bulk) 
The revised Annex II Regulations for the control of pollution by noxious liquid substances in 
bulk includes a new four-category categorization system for noxious and liquid substances. The 
revised annex is expected to enter into force on 1 January 2007. 
The new categories are: 
• Category X: Noxious Liquid Substances which, if discharged into the sea from tank 
cleaning or deballasting operations, are deemed to present a major hazard to either marine 
resources or human health and, therefore, justify the prohibition of the discharge into the 
marine environment;  
• Category Y: Noxious Liquid Substances which, if discharged into the sea from tank 
cleaning or deballasting operations, are deemed to present a hazard to either marine 
resources or human health or cause harm to amenities or other legitimate uses of the sea and 
therefore justify a limitation on the quality and quantity of the discharge into the marine 
environment;  
• Category Z: Noxious Liquid Substances which, if discharged into the sea from tank 
cleaning or deballasting operations, are deemed to present a minor hazard to either marine 
resources or human health and therefore justify less stringent restrictions on the quality and 
quantity of the discharge into the marine environment; and  
• Other Substances: substances which have been evaluated and found to fall outside 
Category X, Y or Z because they are considered to present no harm to marine resources, 
human health, amenities or other legitimate uses of the sea when discharged into the sea 
from tank cleaning of deballasting operations. The discharge of bilge or ballast water or 
other residues or mixtures containing these substances are not subject to any requirements 
of MARPOL Annex II.  
The revised annex includes a number of other significant changes. Improvements in ship 
technology, such as efficient stripping techniques, has made possible significantly lower 
permitted discharge levels of certain products which have been incorporated into Annex II. For 
ships constructed on or after 1 January 2007 the maximum permitted residue in the tank and its 
associated piping left after discharge will be set at a maximum of 75 litres for products in 
categories X, Y and Z - compared with previous limits which set a maximum of 100 or 300 
litres, depending on the product category. 
Alongside the revision of Annex II, the marine pollution hazards of thousands of chemicals 
have been evaluated by the Evaluation of Hazardous Substances Working Group, giving a 
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resultant GESAMP2 Hazard Profile which indexes the substance according to its bio-
accumulation; bio-degradation; acute toxicity; chronic toxicity; long-term health effects; and 
effects on marine wildlife and on benthic habitats. 
As a result of the hazard evaluation process and the new categorization system, vegetable oils 
which were previously categorized as being unrestricted will now be required to be carried in 
chemical tankers. The revised Annex includes, under regulation 4 Exemptions, provision for the 
Administration to exempt ships certified to carry individually identified vegetable oils, subject 
to certain provisions relating to the location of the cargo tanks carrying the identified vegetable 
oil.  
Transport of vegetable oils 
An MEPC resolution on Guidelines for the transport of vegetable oils in deep tanks or in 
independent tanks specially designed for the carriage of such vegetable oils on board dry cargo 
ships allows general dry cargo ships that are currently certified to carry vegetable oil in bulk to 
continue to carry these vegetable oils on specific trades. The guidelines also take effect on 1 
January 2007. 
Consequential amendments to the IBC Code 
Consequential amendments to the International Bulk Chemical Code (IBC Code) were also 
adopted at the session, reflecting the changes to MARPOL Annex II. The amendments 
incorporate revisions to the categorization of certain products relating to their properties as 
potential marine pollutants as well as revisions to ship type and carriage requirements following 
their evaluation by the Evaluation of Hazardous Substances Working Group. 
Ships constructed after 1986 carrying substances identified in chapter 17 of the IBC Code must 
follow the requirements for design, construction, equipment and operation of ships contained in 
the Code. 
The 2005 Amendments 
Adoption: 22 July 2005 
Entry into force: 21 November 2006 
The amendments to the Regulations for the Prevention of Air Pollution from Ships in Annex VI 
include the establishment of the North Sea SOx Emission Control Area (SECA). 
The NOx Technical Code was also updated.  
The 2006 Amendments 
Adoption: March 2006 
Entry into force: 1 August 2007 
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MARPOL regulation on oil fuel tank protection 
The amendment to the revised MARPOL Annex I (which was adopted in October 2004 with 
entry into force set for 1 January 2007) includes a new regulation 12A on oil fuel tank 
protection. The regulation is intended to apply to all ships delivered on or after 1 August 2010 
with an aggregate oil fuel capacity of 600m3 and above. It includes requirements for the 
protected location of the fuel tanks and performance standards for accidental oil fuel outflow. A 
maximum capacity limit of 2,500m3 per oil fuel tank is included in the regulation, which also 
requires Administrations to consider general safety aspects, including the need for maintenance 
and inspection of wing and double-bottom tanks or spaces, when approving the design and 
construction of ships in accordance with the regulation. Consequential amendments to the IOPP 
Certificate were also adopted. 
The MEPC also agreed to include appropriate text referring to the new regulation in the 
amendments to the Guidelines for the application of the revised MARPOL Annex I 
requirements to FPSOs and FSUs and approved a Unified Interpretation on the application of 
the regulation to column-stabilized MODUs.  
Definition of heavy grade oil 
A further amendment to the revised MARPOL Annex I relates to the definition of "heavy grade 
oil" in regulation 21 on Prevention of oil pollution from oil tankers carrying heavy grade oil as 
cargo, replacing the words "fuel oils" with "oils, other than crude oils", thereby broadening the 
scope of the regulation.  
MARPOL Annex IV amendments 
The amendment to MARPOL Annex IV Prevention of pollution by sewage from ships adds a 
new regulation 13 on Port State control on operational requirements. The regulation states that a 
ship, when in a port or an offshore terminal of another Party, is subject to inspection by officers 
duly authorized by such Party concerning operational requirements under the Annex, where 
there are clear grounds for believing that the master or crew are not familiar with essential 
shipboard procedures relating to the prevention of pollution by sewage.  
Amendments to BCH Code 
Amendments to the Code for the Construction and Equipment of Ships Carrying Dangerous 
Chemicals in Bulk (BCH Code) were adopted as a consequence of the revised Annex II of 
MARPOL 73/78 and the amended International Code for the Construction and Equipment of 
Ships carrying Dangerous Chemicals in Bulk (IBC Code), which are expected to enter into 
force on 1 January 2007. The MEPC also adopted a resolution on Early and Effective 
Application of the 2006 amendments to the BCH Code to invite MARPOL Parties to consider 
the application of the amendments to the BCH Code, as soon as practically possible, to ships 
entitled to fly their flag. Also adopted were the revised Guidelines for the provisional 
assessment of liquids transported in bulk. In this context the Committee urged industry, in 
particular the chemical industry, to provide information on the revision of List 2 of the MEPC 
circular which contains pollutant-only mixtures based on section 5 of the revised Guidelines. 
The 2006 Amendments 
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Adoption: October 2006 
Entry into force: 1 March 2008/1 January 2010 
Entry into force: 1 March 2008 
The designation of the Southern South Africa waters as a Special Area under Annex I 
(Regulations for the prevention of pollution by oil from ships) , will provide measures to protect 
wildlife and the marine environment in an ecologically important region used intensively by 
shipping. 
Entry into force: 1 January 2010 
The revised MARPOL Annex III Regulations for the prevention of pollution by harmful 
substances carried by sea in packaged form. The Annex has been revised to harmonize the 
regulations with the criteria for defining marine pollutants which have been adopted by the UN 
Transport of Dangerous Goods (TDG) Sub-Committee, based on the United Nations Globally 
Harmonized System of Classification and Labelling of Chemicals (GHS).  
The 2008 amendments 
Revised Anned VI adopted October 2008: MEPC.176(58) Amendments to the Annex of the 
Protocol of 1997 to amend the International Convention for the Prevention of Pollution from 
Ships, 1973, as modified by the Protocol of 1978 relating thereto (Revised MARPOL Annex 
VI)  
October 2008 MARPOL amendments - revised Annex VI 
Amendments to the MARPOL Annex VI regulations to reduce harmful emissions from ships 
even further.  
The main changes to MARPOL Annex VI will see a progressive reduction in sulphur oxide 
(SOx) emissions from ships, with the global sulphur cap reduced initially to 3.50% (from the 
current 4.50%), effective from 1 January 2012; then progressively to 0.50 %, effective from 1 
January 2020, subject to a feasibility review to be completed no later than 2018. 
The limits applicable in Sulphur Emission Control Areas (SECAs) will be reduced to 1.00%, 
beginning on 1 July 2010 (from the current 1.50 %); being further reduced to 0.10 %, effective 
from 1 January 2015. 
Progressive reductions in nitrogen oxide (NOx) emissions from marine engines were also 
agreed, with the most stringent controls on so-called "Tier III" engines, i.e. those installed on 
ships constructed on or after 1 January 2016, operating in Emission Control Areas. 
The revised Annex VI will allow for an Emission Control Area to be designated for SOx and 
particulate matter, or NOx, or all three types of emissions from ships, subject to a proposal from 
a Party or Parties to the Annex, which would be considered for adoption by the Organization, if 
supported by a demonstrated need to prevent, reduce and control one or all three of those 
emissions from ships.  
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July 2009 amendments 
Entry into force: 1 January 2011 
MARPOL Annex I amendments - transfer of oil cargo between oil tankers at sea 
amendments to MARPOL Annex I for the prevention of marine pollution during some ship-to-
ship (STS) oil transfer operations.  
The new chapter 8 on Prevention of pollution during transfer of oil cargo between oil tankers at 
sea will apply to oil tankers of 150 gross tonnage and above and will require any oil tanker 
involved in oil cargo STS operations to have, on board, a plan prescribing how to conduct STS 
operations (the STS Plan), which would be approved by its Administration.  
Notification to the relevant coastal State will be required not less than 48 hours in advance of 
the scheduled STS operations although some relaxation to this rule is allowed in certain, very 
specific, cases. The regulations are not intended to apply to bunkering operations. 
Consequential amendments to the International Oil Pollution Prevention (IOPP) Certificate, the 
Supplement to the IOPP Certificate and the Oil Record Book.  
MARPOL Annex I Oil residue (sludge) amendments 
Amendments to MARPOL Annex I regulations 1, 12, 13, 17 and 38, relating to the on board 
management of oil residue (sludge). The amendments clarify long standing requirements and 
remove existing ambiguities in order to facilitate compliance by ships' crews. Definitions for oil 
residue (sludge), oil residue (sludge) tanks, oily bilge water and oily bilge water holding tanks 
are introduced for the first time.  
Related amendments to the Supplement to the IOPP Certificate, Form A and Form B, and to the 
Oil Record Book. 
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10. APPENDIX B – OIL LEAKS FROM SHIPS 
Oily water separators 
In addition accidents at sea that create oil spills, normal operations can result in oil spills from 
ballast and bilge water. Under the International Convention for the Prevention of Pollution from 
Ships, 1973, as modified by the Protocol of 1978 relating thereto (MARPOL) ships are now 
required to install and maintain oily water separators.  
OILY WATER SEPARATORS WIKIPEDIA  
An oily water separator (OWS) is a piece of shipboard equipment that 
allows a vessel's crew to separate oil from bilge water before the 
bilge water is discharged overboard. 
Bilge water is an almost unavoidable product in ship operations. 
Bilge water that is generated in proximity to shipboard equipment 
(such as in the engine room) often contains oil and its direct 
discharge would result in undesirable transfer of waste oil to the 
marine environment. By international agreement under 
the MARPOL convention, most commercial vessels need to be fitted 
with an oily water separator to remove oil contaminants before bilge 
water is pumped overboard. 
 
Oily water separator equipment has been a shipboard requirement since the 1970s but recently it 
has become evident that oily water separators have not been as effective as had been assumed, 
and alleged improper operation of this equipment by crewmembers (sometimes called the 
"Magic Pipe") has resulted in criminal prosecutions in the United States and to a lesser extent in 
Europe.  
This practise may also occur in the Indian and West Pacific along shipping routes from the Gulf 
of Arabia to Japan but evidence is lacking largely because of ineffective law enforcement in 
these areas.  
Oil leaks from engine and machinery or from engine maintenance mixes with water in the bilge 
of the ship. A large cruise ship, for example, will generate an average of 8 metric tons of oily 
bilge water for each 24 hours of operation (Copeland 2008).  
To maintain ship stability and eliminate potentially hazardous conditions from oil vapours in 
these areas the bilge needs to be flushed and periodically pumped dry. However, before bilge 
water can be discharged to the sea the oil that has accumulated needs to be extracted from the 
bilge water. If a separator, which is normally used to extract the oil, is faulty or is deliberately, 
bypassed (“Magic Pipe”), untreated oily bilge water could be discharged directly into the ocean.  
Large tankers, bulk cargo carriers and cruise ships, use a tremendous amount of ballast water to 
stabilize the vessel during transport. Ballast water is often taken on in the coastal waters in one 
region after ships discharge wastewater or unload cargo, and discharged at the next port of call, 
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wherever more cargo is loaded, which reduces the need for compensating ballast. Thus, it is 
essential to the proper functioning of ships (especially cargo ships), because the water that is 
taken in compensates for changes in the ship’s weight as cargo is loaded or unloaded, and as 
fuel and supplies are consumed.  
Bilge Water 
Section 311 of the Clean Water Act, as amended by the Oil Pollution Act of 1990 (33 U.S.C. 
2701-2720), applies to cruise ships and prohibits discharge of oil or hazardous substances in 
harmful quantities into or upon U.S. navigable waters, or into or upon the waters of the 
contiguous zone, or which may affect natural resources in the U.S. EEZ (extending 200 miles 
offshore).  
US Coast Guard regulations (33 CFR §151.10) prohibit discharge of oil within 12 miles from 
shore, unless passed through a 15-ppm oil water separator, and unless the discharge does not 
cause a visible sheen. Beyond 12 miles, oil or oily mixtures can be discharged while a vessel is 
proceeding en route and if the oil content without dilution is less than 100 ppm. Vessels are 
required to maintain an Oil Record Book to record disposal of oily residues and discharges 
overboard or disposal of bilge water.  
In addition to Section 311 requirements, the Act to Prevent Pollution from Ships (APPS) 
implements MARPOL Annex I concerning oil pollution. APPS applies to all U.S. flagged ships 
anywhere in the world and to all foreign flagged vessels operating in the navigable waters of the 
United States, or while at a port under U.S. jurisdiction.  
To implement APPS, the Coast Guard has promulgated regulations prohibiting the discharge of 
oil or oily mixtures into the sea within 12 nautical miles of the nearest land, except under 
limited conditions. However, because most cruise lines are foreign registered and because APPS 
only applies to foreign ships within U.S. navigable waters, the APPS regulations have limited 
applicability to cruise ship operations. In addition, most cruise lines have adopted policies that 
restrict discharges of machinery space waste within three miles from shore.  
Ballast Water 
Clean Water Act regulations currently exempt ballast water discharges incidental to the normal 
operation of cruise ships and other vessels from NPDES permit requirements (see above 
discussions concerning sewage and gray water).  
Because of the growing problem of introduction of invasive species into U.S. waters via ballast 
water, in January 1999, a number of conservation organizations, fishing groups, native 
American tribes, and water agencies petitioned EPA to repeal its 1973 regulation exempting 
ballast water discharge, arguing that ballast water should be regulated as the “discharge of a 
pollutant” under the Clean Water Act’s Section 402 permit program.  
EPA rejected the petition in September 2003, saying that the “normal operation” exclusion is 
long-standing agency policy, to which Congress has acquiesced twice (in 1979 and 1996) when 
it considered the issue of aquatic nuisance species in ballast water and did not alter EPA’s CWA 
interpretation.  
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Further, EPA said that other ongoing federal activities related to control of invasive species in 
ballast water are likely to be more effective than changing the NPDES rules. Until recently, 
these efforts to limit ballast water discharges by cruise ships and other vessels were primarily 
voluntary, except in the Great Lakes. Since 2004, all vessels equipped with ballast water tanks 
must have a ballast water management plan. After the denial of their administrative petition, the 
environmental groups filed a lawsuit seeking to force EPA to rescind the regulation that 
exempts ballast water discharges from CWA permitting. In March 2005, a federal district court 
ruled in favour of the groups, and in September 2006, the court remanded the matter to EPA 
with an order that the challenged regulation be set aside by September 30, 2008 (Northwest 
Environmental Advocates v. EPA, No. C 03-05760 SI (N.D.Cal, September 18, 2006)). 
The district court rejected EPA’s contention that Congress had previously acquiesced in 
exempting the “normal operation” of vessels from CWA permitting and disagreed with EPA’s 
argument that the court’s two-year deadline creates practical difficulties for the agency and the 
affected industry. Significantly, while the focus of the environmental groups’ challenge was 
principally to EPA’s permitting exemption for ballast water discharges, the court’s ruling — 
and its mandate to EPA to rescind the exemption in 40 CFR §122.3(a) — applies fully to other 
types of vessel discharges that are covered by the regulatory exemption, including graywater 
and bilge water.  
The government has appealed the district court’s ruling, and the parties are waiting for a ruling 
from the appeals court. However, in June 2007, EPA also initiated steps seeking public 
comment on regulating ballast water discharges from ships, an information-gathering prelude to 
a potential rulemaking in response to the district court’s order. The 110th Congress has been 
considering ballast water discharge issues, specifically legislation to provide a uniform national 
approach for addressing aquatic nuisance species from ballast water under a program 
administered by the Coast Guard (S. 1578, ordered reported by the Senate Commerce 
Committee on September 27, 2007, and H.R. 2830 (H.Rept. 110-338)).  
Some groups oppose S. 1578 and H.R. 2830, because the legislation would pre-empt states from 
enacting ballast water management programs more stringent than Coast Guard requirements, 
while the CWA does allow states to adopt requirements more stringent than in federal rules. 
Also, while the CWA permits citizen suits to enforce the law, the pending legislation includes 
no citizen suit provisions.  
As of 29 June 2010 an upper estimate of up to 100,000 barrels (15.9 million litres) of oil per day 
escaping has been published. 
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11. APPENDIX C – PARTICIPATING SCHOOLS 
Island School Contact Person Designation mobile Contact email Phone Fax School email Hoarafushi Ha. Atoll School Mohamed Idrees Trained Teacher 794 9981 ali.sharyf@gmail.com 650 0048 650 0084 ha-am@avasmail.com.mv Ihavandhoo Ihavandhoo School Mohamed Abdul Samad Deputy Principal 785 2927 ihavan@hotmail.com 650 0096 650 0528 ihavandhooschoolgs79@homail.com Thurakunu Thuraakunu School Delowar Hossain Mondal Account Teacher 759 8386 dhmondal86@rediffmail.com 650 0547 650 0547 tmadharusa@gmail.com Filladhoo Madhrasathul Sobaah Mohamed Hamid Env. Club Incharge 785 1969 mvmmv-17@hotmail.com 650 0536 650 0536  Utheemu Madhrasathul Sultan Mohd. Thakurufaanul Auzam 
Shermina N. Biology Teacher 750 3824  650 0046 650 0046 utheemscholl@yahoo.com 
Baarah Baarashu School Fathimath Yashfa Trained Teacher 762 6839 yash_143@hotmail.com 650 0527 650 0518 barashuschool@gmail.com Mulhadhoo Mulhadhoo School Fathimath Zaeema Trained Teacher 762 7670 arxad_a@hotmail.com 650 0561 650 0561  Muraidhoo Muraidhoo School Ibrahim Rauf Primary Teacher 774 3503  650 0537 650 0581 muraidhoo_school@gmail.com Kulhudhuffushi Hdh. Atoll Education Centre Mohamed Fazeel Leading Teacher 774 5279 khafoo@hotmail.com 652 8817 652 7203  
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Island School Contact Person Designation mobile Contact email Phone Fax School email Vaikaradhoo Hdh. Atoll School Ali Shaheed Trained Teacher 799 3772 shaheed136@hotmail.com 652 0056 652 0530 hdhatollschool@gmail.com Hanimaadhoo (Airport) Hanimaadhoo School Ahmed Hassan Graduate Teacher 793 5320  652 0533 652 0098 hanimaadhooschool@yahoo.com Hirimaradhoo Hirimaradhoo School Nasrath Waheedha Trained Teacher 773 6058  652 0536 652 0047 hirimaradhooschool@hotmail.com Kumundhoo Kumundhoo School Ahmed Mohamed Trained Teacher 790 6803  652 0531 652 0531 kumundhoo@gmail.com Foakaidhoo Foakaidhoo School Ahmed Asif Env. Club Incharge 792 5212 ixif25@gmail.com 654 0542 654 0542 foakaidhoo.school@gmail.com Komandoo Sh. Atoll Education Centre Naseema Ibrahim Leading Teacher 965 6111  654 0539 654 0539 shaec1982@hotmail.com Noomaraa Noomara School Ibrahim Fahumy Relief Teacher 792 3282  654 0583 654 0583 sh.noomara-school@gmail.com Funadhoo Funadhoo School Ibrahim Ramzy Graduate Teacher 794 2141  654 0540 654 0572 funadhooschool@hotmail.com Milandhoo Milandhoo School Mohamed Nazim Graduate Leading Teacher 791 4888  654 0541 654 0595 milandhooschool@gmail.com Feevah Feevaku School Asiyath Zidhuna Trained Teacher 982 7376  654 0543 654 0543 feevakschool@hotmail.co.uk Feydhoo Feydhoo School Mohamed Adhil Graduate Leading Teacher 762 8258  654 0579 654 0579 shaviyani.feydhoo.school@gmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email Narudhoo Narudhoo School Razeena Mohamed Trained Teacher 768 6468  654 0577 654 0577 0 Holhudhoo Meyna School Abdulla Hameed Graduate Teacher 772 4418  656 0001 656 0001 admin@meyna.info Manadhoo N. Atoll School Fathimath Farah Primary Teacher 774 0495 jannais@live.com 656 0003 656 0003 noonuatollschool@yahoo.com Maafaru Maafaru School Mohamed Naseem Trained Leading Teacher 775 7529 kudabigee@gmail.com 656 0574 656 0005 nmafaruschool@gmail.com Velidhoo N. Atoll Education Centre Aishath Mohamed Trained Teacher 966 6335 aishaa@live.com 656 0019 656 0512 noonuaec@hotmail.com Hebadhoo Henbadhoo School Ibrahim Nizar Trained Teacher 752 2990  656 1806 656 0571 n.henbadhoo_school@yahoo.com Lhohi Lhohi School Ibrahim Mohamed Manik Librarian 791 7339 ibbenik09@gmail.com 656 0573 656 1803 lhohischool@gmail.com Rasmaadhoo Rasmaadhoo School Ahmed Fazleen Trained Teacher 794 3337 elaaf2010@live.com 658 0330 658 0330 rasmaadhooschool@hotmail.com Alifushi (Boat Yard) Alifushi School Ali Shaheem Graduate Teacher 799 8088  658 0137 658 0381 alifushischool@gmail.com Iguraidhoo Inguraidhoo School Abdul Muhaimin Hussain Graduate Leading Teacher 791 7052 muhaimin7917052@hotmail.com 658 0316 658 0382 inguraidhooschool@yahoo.com Vaadhoo Vaadhoo Mohamed Graduate Leading 789  658 658 0362 vadu-sch@hotmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email School Riyaz Teacher 7306 0362 Dhuvaafaru R. Atoll School Ibrahim Shafeeq Env. Club Incharge 784 5240  658 2705 658 2706  Agolhitheemu Angolhitheem School Sanfa Ali Trained Teacher 783 7485  658 0357 658 0357 ra_angolhitheem_school@yahoo.com Rasgetheemu Rasgatheem School M. Lawrence Principal 782 2348 marilawragajan@rediffmail.com 658 0361 658 0405 koimalaa121@hotmail.com Goidhoo Goidhoo School Mohamed Shakeeb Graduate Leading Teacher 999 0202  660 0014 660 0012 b.goidhooschool@gmail.com Dharavandhoo B. Atoll School Samir Hassan Graduate Leading Teacher 747 8024 samir-hassan@yahoo.com 660 0034 660 0034 batollschool33@gmail.com Hithaadhoo Hithaadhoo School Abbas. V S. Studies Teacher 761 8367 abbaskoorad@yahoo.com 660 0314 660 0049 hithaadhooschool@hotmail.com Kamadhoo Kamadhoo School Shiuna Abdulla Mufeed Primary Teacher 751 0654  660 0015 660 0015 kamadhoo.school@gmail.com Fulhadhoo Fulhadhoo School Ahmed Ashraf Deputy Principal 750 1506  660 0013 660 0013 fulhadhooschool@gmail.com Kihaadhoo Kihaadhoo School Rajeev K.S Leading Teacher 764 1277 rajeevmaldives@yahoo.co.in 660 0017 660 0017 kihaadhoo-school@hotmail.com Thulhaadhoo Thulhaadhoo School Roy Mathew Graduate Teacher 782 2909 thoomkuz_hy_in@yahoo.co.in 660 1012 660 1012 thulhaadhooschool@gmail.com Naifaru Madhrasathul Ali Zaid  775 alizaidhu@hotmail.com 662 662 0379 ifthithaah@gmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email Ifthithaah 8689 0009 Maafilaafushi Maafilaafushi School Mohamed Rasheed  765 4437  662 0831 662 0831 maafilaafushischoo@hotmail.com Kaashidhoo K. Atoll School Abdul Haleem Mohamed  783 8553  664 0036 664 0036 k.atollschool@gmail.com Gaafuru Gaafaru School Abdulla Mufeed Deputy Principal 775 7462  664 0577 664 0577 gaafaruschool147@yahoo.com Huraa Huraa School Shahidha Ibrahim Not Recoded 664 0177  664 0546 664 0546 huraa-school@hotmail.com Guraidhoo Guraidhoo School Aminath Nazma Asst. Teacher 776 3120  664 0574 664 0574 kguraidhooschool@gmail.com Maafushi Maafushi School Mohamed Nizar Leading Teacher 975 7591  664 0471 664 0471 maafushischool@gmail.com Feridhoo Aa. Atoll School Hussain Nimal Not Recoded 775 9887 h_nimal@hotmail.com 666 0023 666 0023 aatollschool@hotmail.com Thoddoo Thoddoo School Ibrahim Imad Not Recoded 776 7156  666 0819 666 0819 thoddooschool@gmail.com Himandhoo Himandhoo School Moosa Naseer Graduate Teacher 774 7195  666 0842 666 0842 himandhooschool@gmail.com Bodufolhudhoo Bodufulhadhoo School Shujau Adam Relief Teacher 785 3970  666 0841 666 0841 bodufulhudhoo_school@hotmail.com Dhigurah ( + ) Dhigurashu School Hussain Fayaz Deputy Principal 973 9335 dhigurahschool@gmail.com 668 0841 668 0841 dhigurahschool@gmail.com Mandhoo Mandhoo Nair Ajit Teacher 751  668 668 0843 mandhooschool@hotmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email School Shivadasan 7689 0843 Maamigili Adh. Atoll School Shehena Mohamed Chemistry Teacher 761 5853 shehena@live.com 668 0021 668 0757 adhatollschool@gmail.com Fenfushi Fenfushi School Ali Gasim Not Recoded 771 9860  668 0817 668 0817 fenfusheeschool@gmail.com Felidhoo V. Atoll Education Centre Ahmed Ali Deputy Principal 740 8450  670 0026 670 0026 dhramgee@yahoo.com Fulidhoo V. Atoll School Mohamed Imthiyaz Trained Teacher 991 0349 yaax@live.in 670 0025 670 0025 vaavuatollschool@yahoo.com Keyodhoo Keyodhoo School Aminath Ahmed Manik Trained Teacher 963 2411  670 0804 670 0804 keyodhoo@hotmail.com Kolhufushi ( + ) M. Atoll School Moosa Anwar Deputy Principal 782 5112 anwarnares@gmail.com 672 0525 672 0525 meemuatollschool@yahoo.com Maduvvari Maduvvari School Ahmed Samoon Officer (Trainee) 972 2279 same_add@hotmail.com 672 0574 672 0574 m_maduvvareeschool@hotmail.com Magoodhoo Magoodhoo School Adam Shahid Co-Ordinator (Env. Club) 789 3875  674 0565 674 0591 schoolmagoodhoo@gmail.com Feeali F. Atoll School Fathulla Shathir Teacher 784 3575 fathobe@hotmail.com 674 0005 674 0590 faafuatollschool@hotmail.com Biledhdhoo Bileiydhoo School Mohamed Fayax Qualified Teacher 982 3082 fox12_22@hotmail.com 674 0546 674 0589 school_169@hotmail.com Maaeboodhoo Maaenboodho Nasma Trained 786 nash.ma@hotmail.com 676 676 0608  
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Island School Contact Person Designation mobile Contact email Phone Fax School email o School Abdul Sattar Teacher 3661 0608 Hirilandhoo Hirilandhoo School Ahmed Rasheed Trained Teacher 967 7656  678 0571 678 0618 hirilandhooschool@gmail.com Kadoodhoo Kandoodhoo School S.K. Thomas Principal 775 4232  678 0573 678 0573 kandooschool@gmail.com Dhiyamigili Dhiyamigili School D. Jaya Prakash F. Science Teacher 765 4989 devulapalli.prakash@yahoo.co.in 678 0609 678 0569 dhiyamigilimadharusa@gmail.com Omadhoo Omadhoo School Mohamed Nizam Primary Teacher 773 9605 mdnixam@gmail.com 678 0572 678 0572 omadhooschool@gmail.com Vandhoo Vandhoo School Ismail Shafeeq Graduate Leading Teacher 755 1651  678 0574 678 0574  Maamendhoo Maamendhoo School Adam Hussain Graduate Leading Teacher 972 8018 faifa1261@hotmail.com 680 0549 680 0783 maamendhoo@gmail.com Maavah Maavashu School Karthick Science Teacher 772 9011  680 0010 680 0764 maavashuschool@hotmail.com Mundhoo Mundoo School Mohamed Mujthaba / Ali Shareef Admin. Officer / Supervisor 747 1201  680 0741 680 0741 mundooschool@gmail.com Fonadhoo L. Atoll Education Centre Hawwa Saadha Graduate Leading Teacher 772 9592 said-hu@hotmail.com 680 0013 680 0763 laec@live.com Viligili Ga. Atoll Education Wishana Rasheed Trained Teacher 783 8002 wisha-87@hotmail.com 682 0029 682 0087 ga_aec@hotmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email Centre Dhevvadhoo Madhrasathul Sultan Mohamed Adam Shihad Officer (Trainee) 963 0021  682 0044 682 0086 msulthanm@gmail.com Nilandhoo Nilandhoo School Khadheeja Ibrahim Trained Teacher 682 0083  682 0083 682 0043 nilandhooschool@gmail.com Nadallaa Nadella School Mohamed Aslam Not Recoded 779 3985 mohamed.aslam11@yahoo.com 684 0083 684 0083 nadellaschool@gmail.com Gadhdhoo Gdh. Atoll School Ahmed Fahmee Not Recoded 778 1376  684 1026 684 1762 gdhatollschool@gmail.com Fiyoari Fiyoaree School Mohamed Iqbal Leading Teacher 971 8058 miqbal505@hotmail.com 684 0081 684 0067 fiyoareeschool@hotmail.com Rathafandhoo Rathafandhoo School Mohamed Abdulla Principal 788 8505 ffamode03@hotmail.com 684 0037 684 0037 rathafandhooschool.rathafandhoo@gmail.com Maathodaa Huvadhoo School Lovelykutty K.V Biology Teacher 765 7040 thommy_lovely@gmail.com 684 0070 684 0079 huvadhooschool@gmail.com Foammulah Fuvahmulaku School Hawwa Zahira Not Recoded 686 1961  686 0002 686 2043 fuvahmulaku.school@gmail.com Foammulah Gn. Atoll Education Centre Kumar Swamy Not Recoded 772 3363 k_swamyn@yahoo.com 686 0912 686 1085 gn.aec@gnaec.edu.mv Hithadhoo S. Atoll Education Centre Aminath Ameela Not Recoded 778 3788 amy@sunlightvilla.com 688 5048 688 6773  Hithadhoo Nooraanee Mohamed Not 779 mohamedsolihahmed@gmail.co 688 688 8730 noraaneeschool@gmail.com 
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Island School Contact Person Designation mobile Contact email Phone Fax School email School Solih Ahmed Recoded 2098 m 5917 Hithadhoo Hithadhoo School Athifa Saeed Graduate Leading Teacher 795 4146 athifasaeedh@hotmail.com 688 6908 688 7670 hihdhooschool@hotmail.com Feydhoo Feydhoo School Mamdhooha Zuhair Not Recoded 790 3728 mamdhuha@hotmail.com 689 2546 689 2508  Hulhumeedhoo (S1 + S6) S. Atoll School Fathimath Shiyana Not Recoded 764 6645 damsel_lass@hotmail.com 689 5679 689 5003 seenatollschool@gmail.com Maradhoo-Feydhoo Maradhoo-Feydhoo School Mariyam Zahira Graduate Teacher 792 1230 myibu23@hotmail.com 689 1531 689 1590 mfschool@msn.com 
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12. APPENDIX D – EXCEL DATA ENTRY WORKBOOK 
The data entry workbook was developed with extensive data validation such as drop down lists 
and protected cells and worksheets. Look up tables were constructed for Maldivian islands for 
consistency.   
Much effort went into the data entry workbook design so that it was simple, robust and reflected 
workflow.  
The workbook SHOULD NOT be modified. If changes are made they 
MUST BE DONE by an MS Excel specialist! Casual users of Excel  
MUST NOT attempt to make changes to the workbook. If the 
workbook has been corrupted contact brian.long@csiro.au for a new 
template.  
 
The data entry operator enters tarball data received by fax from a school into a single 
worksheet. Worksheets are numbered “Sheet1”, “Sheet2”, “Sheet3”... “Sheet254”(see figure 
below). This design will allow for up to 254 schools participating in the tarball monitoring 
program.  
 
Hard copy data entry sheets sent to the schools should have the same layout as the figure below. 
This will improve efficiency in data entry and reduce errors.   
 
Figure 12-1 Tarball data entry worksheet.  
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Data for analysis is in worksheet “Data4Export” (figure below). Users can select all cells and 
copy and paste into a new workbook for analysis. Simple analysis and charting can be done in 
Excel. Alternately they can save as a csv or tab delimited txt file for sophisticated analysis in a 
statistical package such as SAS, SPSS or R.  
 
Figure 12-2 Data sheet “Data4Export” 
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13. APPENDIX E – INVERSE DISTANCE WEIGHTING 
Taken from ESRI ArcGIS 10.0 Help 
 
Inverse distance weighted (IDW) interpolation determines cell values using a linearly weighted 
combination of a set of sample points. The weight is a function of inverse distance. The surface 
being interpolated should be that of a locationally dependent variable. 
 
IDW neighbourhood for selected point 
This method assumes that the variable being mapped decreases in influence with distance from 
its sampled location. For example, when interpolating a surface of consumer purchasing power 
for a retail site analysis, the purchasing power of a more distant location will have less influence 
because people are more likely to shop closer to home. 
Controlling the influence with the Power parameter 
IDW relies mainly on the inverse of the distance raised to a mathematical power. The Power 
parameter lets you control the significance of known points on the interpolated values based on 
their distance from the output point. It is a positive, real number, and its default value is 2. 
By defining a higher power value, more emphasis can be put on the nearest points. Thus, nearby 
data will have the most influence, and the surface will have more detail (be less smooth). As the 
power increases, the interpolated values begin to approach the value of the nearest sample point. 
Specifying a lower value for power will give more influence to surrounding points that are 
farther away, resulting in a smoother surface. 
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Since the IDW formula is not linked to any real physical process, there is no way to determine 
that a particular power value is too large. As a general guideline, a power of 30 would be 
considered extremely large and thus of questionable use. Also keep in mind that if the distances 
or the power value are large, the results may be incorrect. 
An optimal value for the power can be considered to be where the minimum mean absolute 
error is at its lowest. ArcGIS Geostatistical Analyst provides a way to investigate this. 
Limiting the points used for interpolation 
The characteristics of the interpolated surface can also be controlled by limiting the input points 
used in the calculation of each output cell value. Limiting the number of input points considered 
can improve processing speeds. Also consider that input points far away from the cell location 
where the prediction is being made may have poor or no spatial correlation, so there may be 
reason to eliminate them from the calculation. 
You can specify the number of points to use directly, or specify a fixed radius within which 
points will be included in the interpolation. 
Variable search radius 
With a variable search radius, the number of points used in calculating the value of the 
interpolated cell is specified, which makes the radius distance vary for each interpolated cell, 
depending on how far it has to search around each interpolated cell to reach the specified 
number of input points. Thus, some neighborhoods will be small and others will be large, 
depending on the density of the measured points near the interpolated cell. You can also specify 
a maximum distance (in map units) that the search radius cannot exceed. If the radius for a 
particular neighborhood reaches the maximum distance before obtaining the specified number 
of points, the prediction for that location will be performed on the number of measured points 
within the maximum distance. Generally, you will use smaller neighborhoods or a minimum 
number of points when the phenomenon has a great amount of variation. 
Fixed search radius 
A fixed search radius requires a neighbourhood distance and a minimum number of points. The 
distance dictates the radius of the circle of the neighbourhood (in map units). The distance of 
the radius is constant, so for each interpolated cell, the radius of the circle used to find input 
points is the same. The minimum number of points indicates the minimum number of measured 
points to use within the neighbourhood. All the measured points that fall within the radius will 
be used in the calculation of each interpolated cell. When there are fewer measured points in the 
neighbourhood than the specified minimum, the search radius will increase until it can 
encompass the minimum number of points. The specified fixed search radius will be used for 
each interpolated cell (cell centre) in the study area; thus, if your measured points are not spread 
out equally (which they rarely are), there are likely to be different numbers of measured points 
used in the different neighbourhoods for the various predictions. 
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Using barriers 
A barrier is a polyline dataset used as a breakline that limits the search for input sample points. 
A polyline can represent a cliff, ridge, or some other interruption in a landscape. Only those 
input sample points on the same side of the barrier as the current processing cell will be 
considered. 
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14. APPENDIX F – SCAT PROCESS FORM 
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15. APPENDIX G – GEOGRAPHICALLY WEIGHTED REGRESSION 
The following description was taken from ESRI. 
GWR constructs a separate equation for every feature in the dataset incorporating the dependent 
and explanatory variables of features falling within the bandwidth of each target feature. The 
shape and extent of the bandwidth is dependent on user input for the Kernel type, Bandwidth 
method, Distance, and Number of neighbors parameters with one restriction: when the number 
of neighboring features would exceed 1000, only the closest 1000 are incorporated into each 
local equation. 
GWR should be applied to datasets with several hundred features for best results. It is not an 
appropriate method for small datasets. The tool does not work with multipoint data. 
The GWR tool also produces an Output feature class and a table with the tool execution 
summary report diagnostic values. The name of this table is automatically generated using the 
output feature class name and "_supp" suffix. The Output feature class is automatically added to 
the table of contents with a hot/cold rendering scheme applied to model residuals. A full 
explanation of each output is provided in Interpreting_GWR_results.  
Using projected data is always recommended; it is especially important whenever distance is a 
component of the analysis, as it is for GWR when you select FIXED for Kernel type. It is 
strongly recommended that your data is projected using a Projected Coordinate System (rather 
than a Geographic Coordinate System). 
Some of the computations done by the GWR tool take advantage of multiple CPUs in order to 
increase performance and will automatically use up to 8 threads/CPUs for processing. 
You should always begin regression analysis with Ordinary_Least_Squares (OLS) regression. 
First find a properly specified OLS model, then use the same explanatory variables to run GWR 
(excluding any "dummy" explanatory variables representing different spatial regimes).  
Dependent and Explanatory variables should be numeric fields containing a variety of values. 
Linear regression methods, like GWR, are not appropriate for predicting binary outcomes (e.g., 
all of the values for the dependent variable are either 1 or 0). 
In global regression models, such as Ordinary Least Squares Regression (OLS), results are 
unreliable when two or more variables exhibit multicollinearity (when two or more variables are 
redundant or together tell the same "story"). GWR builds a local regression equation for each 
feature in the dataset. When the values for a particular explanatory variable cluster spatially, 
you will very likely have problems with local multicolliearity. The condition number in the 
output feature class indicates when results are unstable due to local multicollinearity. As a rule 
of thumb, do not trust results for features with a condition number larger than 30, equal to Null 
or, for shapefiles, equal to -1.7976931348623158e+308. 
Caution should be used when including nominal/categorical data in a GWR model. Where 
categories cluster spatially, there is strong risk of encountering local multicollinearity issues. 
The condition number included in the GWR output indicates when local collinearity is a 
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problem (a condition number less than zero, greater than 30, or set to Null). Results in the 
presence of local multicollinearity are unstable. 
Do not use "dummy" explanatory variables to represent different spatial regimes in a GWR 
model (e.g., census tracts outside the urban core are assigned a value of 1, while all others are 
assigned a value of 0). Because GWR allows explanatory variable coefficients to vary, these 
spatial regime explanatory variables are unnecessary, and if included, will create problems with 
local multicollinearity.  
To better understand regional variation among the coefficients of your explanatory variables, 
examine the optional raster coefficient surfaces created by GWR. These raster surfaces are 
created in the Coefficient raster workspace, if you specify one. For polygon data, you can use 
graduated color or cold-to-hot rendering on each coefficient field in the Output feature class to 
examine changes across your study area. 
You may use GWR for prediction by supplying a Predictions locations feature class (often this 
feature class is the same as the Input feature class), the Prediction explanatory variables, and an 
Output prediction feature class. There must be a one to one correspondence between the fields 
used to calibrate the regression model (the values entered for the Explanatory variables field) 
and the fields used for prediction (the values entered for the Prediction explanatory variables 
field). The order of these variables must be the same. Suppose, for example, you are modeling 
traffic accidents as a function of speed limits, road conditions, number of lanes, and number of 
cars. You can predict the impact that changing speed limits or improving roads might have on 
traffic accidents by creating new variables with the amended speed limits and road conditions. 
The existing variables would be used to calibrate the regression model and would be used for 
the Explanatory variables parameter. The amended variables would be used for predictions and 
would be entered as your Prediction explanatory variables. 
If a Prediction locations feature class is provided, but no Prediction explanatory variables are 
specified, the Output prediction feature class is created with computed coefficients for each 
location only (no predictions). 
A regression model is misspecified if it is missing a key explanatory variable. Statistically 
significant spatial autocorrelation of the regression residuals and/or unexpected spatial variation 
among the coefficients of one or more explanatory variables suggests that your model is 
misspecified. You should make every effort (through OLS residual analysis and GWR 
coefficient variation analysis, for example) to discover what these key missing variables are so 
they may be included in the model. 
Always question whether or not it makes sense for an explanatory variable to be nonstationary. 
For example, suppose you are modeling the density of a particular plant species as a function of 
several variables including ASPECT. If you find that the coefficient for the ASPECT variable 
changes across the study area, you are likely seeing evidence of a key missing explanatory 
variable (perhaps prevalence of competing vegetation, for example). You should make every 
effort to include all key explanatory variables in your regression model. 
When the result of a computation is infinity or undefined, the result for nonshapefiles will be 
Null; for shapefiles the result will be -DBL_MAX = -1.7976931348623158e+308. 
APPENDIX G – GEOGRAPHICALLY WEIGHTED REGRESSION 
15-108 | P a g e  
 
When you select either the AICc or CV Bandwidth Method, GWR will find the optimal distance 
(for FIXED kernel) or optimal number of neighbors (for ADAPTIVE kernel). Problems with 
local multicollinearity, however, will prevent both the AICc and CV Bandwidth methods from 
resolving an optimal distance/number of neighbors. If you get an error indicating severe model 
design problems, try specifying a particular distance or neighbor count, then examining the 
condition numbers in the output feature class to see which features are associated with local 
collinearity problems 
Problems with local collinearity will prevent both the AICc and CV Bandwidth methods from 
resolving an optimal distance/number of neighbors. If you get an error indicating severe model 
design problems, try specifying a particular distance or neighbor count, then examining the 
condition numbers in the Output feature class to see which features are associated with local 
multicollinearity problems. 
Severe model design errors, or errors indicating local equations do not include enough 
neighbors, often indicate a problem with global or local multicollinearity. To determine where 
the problem is, run your model using OLS and examine the VIF value for each explanatory 
variable. If some of the VIF values are large (above 7.5, for example), global multicollinearity 
is preventing GWR from solving. More likely, however, local multicollinearity is the problem. 
Try creating a thematic map for each explanatory variable. If the map reveals spatial clustering 
of identical values, consider removing those variables from the model or combining those 
variables with other explanatory variables in order to increase value variation. If, for example, 
you are modeling home values and have variables for both bedrooms and bathrooms, you may 
want to combine these to increase value variation, or to represent them as bathroom/bedroom 
square footage. Avoid using spatial regime dummy variables, spatially clustering 
categorical/nominal variables, or variables with very few possible values when constructing 
GWR models. 
GWR is a linear model subject to the same requirements as OLS. Review the section titled 
"How Regression Models Go Bad" in the Regression Analysis Basics document as a check that 
your GWR model is properly specified. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
